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1 .  A B S T R A C T  
T h i s  s t u d y  a n a l y s e d  t h e  p o p u l a t i o n  g e n e t i c s  a n d  e c o l o g y  o f  S a l r n a  s a l a r  i n  t w o  c h a l k  r i v e r s ,  
t h e  R i v e r  F r o m e  a n d  R i v e r  P i d d l e ,  D o r s e t ,  U . K .  T h e  n u m b e r  o f  a d u l t s  r e t u r n i n g  t o  s p a w n  i n  
t h e s e  r i v e r s  h a s  d e c l i n e d  o v e r  t h e  p a s t  t e n  y e a r s ,  r e f l e c t i n g  t h e  g l o b a l  t r e n d  i n  r e d u c e d  r i v e r  S .  
s a l a r  p o p u l a t i o n  s i z e s .  I t  i s  p o s s i b l e  t h a t  a  r e d u c t i o n  i n  p o p u l a t i o n  s i z e  l e a d s  t o  a  r e d u c t i o n  i n  
g e n e t i c  d i v e r s i t y  a n d  t h u s  t o  a  r e d u c t i o n  i n  f i t n e s s .  T h i s  s t u d y  a i m e d  t o  d e t e r m i n e  t h e  
d i s t r i b u t i o n  a n d  d e n s i t y  o f  j u v e n i l e  S .  s a l a r  ( p a r r )  i n  t h e  r i v e r ,  e s t i m a t e  t h e  l e v e l  o f  c u r r e n t  
g e n e t i c  v a r i a b i l i t y ,  d e t e r m i n e  t h e  e x t e n t ,  p a t t e r n  a n d  s t a b i l i t y  o f  g e n e t i c  d i f f e r e n t i a t i o n ,  
i n v e s t i g a t e  t h e  r e l a t i o n s h i p  b e t w e e n  g e n e t i c  v a r i a b i l i t y  a n d  e c o l o g y  a n d  e s t i m a t e  l o n g  t e r m  
c h a n g e s  i n  g e n e t i c  v a r i a t i o n .  
J u v e n i l e  S .  s a l a r  d e n s i t y  w a s  s u r v e y e d  b y  e l e c t r i c  f i s h i n g  i n  s u m m e r  a n d  a u t u m n  f o r  t h r e e  
c o n s e c u t i v e  y e a r s ,  1 9 9 8 ,  1 9 9 9  a n d  2 0 0 0 ,  a t  t w e n t y  s i t e s  o n  t h e  R i v e r  F r o m e  a n d  t w o  s i t e s  o n  
t h e  R i v e r  P i d d l e .  B e t w e e n  1 4 - 1 6  s i t e s  w e r e  s a m p l e d  a t  a n y o n e  t i m e  a n d  5  s i t e s  w e r e  s a m p l e d  
i n  N o v e m b e r  1 9 9 8 .  F i n  c l i p s  w e r e  r e m o v e d  f o r  g e n e t i c  a n a l y s i s  a n d  t h e  j u v e n i l e s  r e t u r n e d  t o  
t h e  s t r e a m .  
T h e  d e n s i t y  o f  j u v e n i l e s  v a r i e d  b e t w e e n  s i t e s  a n d  b e t w e e n  y e a r s ;  t h e  l o w e s t  d e n s i t y  w a s  
0 . 0 2 7  a n d  t h e  h i g h e s t  d e n s i t y  w a s  4 9 . 4 9  i n d i v i d u a l s  p e r  1 0 0  m
2
.  D e n s i t y  w a s  n o t  d e p e n d e n t  
o n  d i s t a n c e  o f  s i t e  f r o m  s o u r c e  o r  o n  f l o w  r a t e  c a t e g o r y .  H i g h  d e n s i t i e s  w e r e  f o u n d  a t  s i t e s  
w h e r e  g r a v e l  c l e a n i n g  h a d  b e e n  c a r r i e d  o u t  i n d i c a t i n g  s u c c e s s  o f  t h i s  t e c h n i q u e  i n  p r o m o t i n g  
s u r v i v a l  a t  t h e  e g g  s t a g e .  E v i d e n c e  o f  B r o w n  t r o u t  ( S a l r n a  t r u t t a )  p r e d a t i o n / c o m p e t i t i o n  
i n f l u e n c e  o n  s a l m o n  p a r r  d e n s i t y  w a s  f o u n d ,  w h i c h  h a s  p r o f o u n d  m a n a g e m e n t  i m p l i c a t i o n s  i n  
a  r i v e r  w i t h  a  d e c l i n i n g  s a l m o n  p o p u l a t i o n  a n d  w h e r e  t r o u t  a r e  s t o c k e d .  
H i g h  s i t e  f i d e l i t y  o f  p a r r ,  m e a s u r e d  b y  t h e  n u m b e r  o f  m a r k e d  j u v e n i l e s  a t  t h e  s a m e  s i t e s  i n  
A u t u m n ,  w a s  d e t e c t e d .  D e t e c t i o n  o f  l o w  n u m b e r s  o f  1 +  p a r r  i n d i c a t e  t h a t  m o s t  j u v e n i l e s  
s m o l t  a f t e r  o n e  y e a r  d u e  t o  r a p i d  g r o w t h  i n  a  p r o d u c t i v e  c h a l k  s t r e a m .  H a b i t a t  q u a l i t y  w a s  
a s s e s s e d  u s i n g  t h e  H A B S C O R E  m o d e l .  L a r g e  v a r i a t i o n  i n  p a r r  d e n s i t y  r e l a t i v e  t o  h a b i t a t  
q u a l i t y  s c o r e  w a s  d e t e c t e d .  S i g n i f i c a n t  v a r i a t i o n  i n  p a r r  l e n g t h  b e t w e e n  s i t e s  w a s  d e t e c t e d .  A  
s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  p a r r  g r o w t h  r a t e  a n d  d e n s i t y  w a s  d e t e c t e d  i n  1 9 9 8 .  P o s i t i v e  
c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  j u v e n i l e  m e a n  l e n g t h  a n d  r i v e r  f l o w  r a t e  c a t e g o r y ,  w h i c h  
m a y  h a v e  c o n s e q u e n c e s  f o r  d i f f e r e n t i a l  s u r v i v a l  r a t e s  w i t h i n  t h e  c a t c h m e n t .  
M i c r o s a t e l l i t e  m a r k e r s  w e r e  u s e d  t o  e s t i m a t e  g e n e t i c  v a r i a b i l i t y  a n d  p o p u l a t i o n  s t r u c t u r e .  
M i c r o s a t e l l i t e s  a r e  h i g h l y  v a r i a b l e  a n d  h a v e  p r e v i o u s l y  b e e n  u s e d  t o  t e s t  f o r  g e n e t i c  
d i f f e r e n t i a t i o n  a m o n g  s a l m o n i d  p o p u l a t i o n s  w i t h i n  r i v e r s .  A  l a r g e  n u m b e r  o f  s a l m o n i d  
m i c r o s a t e l l i t e  p r i m e r s  a r e  p u b l i s h e d .  F i f t e e n  p r i m e r s  w e r e  p u r c h a s e d  a n d  s i x  p r i m e r s  w e r e  
o p t i m i s e d .  P C R  p r o d u c t s  w e r e  r u n  o u t  o n  p o l y a c r y l a m i d e  g e l s  a n d  v i s u a l i s e d  b y  s i l v e r  
s t a i n i n g .  
A l l  m i c r o s a t e l l i t e  l o c i  w e r e  p o l y m o r p h i c ;  b e t w e e n  5  a n d  1 3  a l l e l e s  w e r e  d e t e c t e d  p e r  l o c u s .  
N u m b e r s  o f  a l l e l e s  d e t e c t e d  w e r e  l o w e r  t h a n  n u m b e r s  d e t e c t e d  i n  o t h e r  r i v e r s ,  h o w e v e r  t h e  
n u m b e r  o f  a l l e l e s  i s  h i g h l y  d e p e n d e n t  o n  s a m p l e  s i z e .  A l l e l i c  r i c h n e s s  s t a n d a r d i s e d  p e r  
i n d i v i d u a l  ( A R i )  w a s  c a l c u l a t e d  t o  p e r m i t  c o m p a r i s o n  a c r o s s  s i t e s  a n d  w i t h  o t h e r  s t u d i e s .  I n  
t h e  r i v e r s  F r o m e  a n d  P i d d l e ,  A R i  w a s  l o w e s t  a t  l o c u s  S s a  2 8 9  a n d  h i g h e s t  a t  l o c u s  S s a  1 9 7 .  
A t  f o u r  l o c i ,  A R i  d e t e c t e d  i n  t h i s  s t u d y  w a s  l o w e r  t h a n  i n  n i n e  C a n a d i a n  a n d  t h r e e  E u r o p e a n  
r i v e r s .  
O b s e r v e d  h e t e r o z y g o s i t y  o v e r  a l l  l o c i  w a s  b e t w e e n  0 . 4 9 4  ( J u l y  1 9 9 8 )  a n d  0 . 6 4 8  ( O c t o b e r  
2 0 0 0 ) .  O b s e r v e d  h e t e r o z y g o s i t y  v a r i e d  b e t w e e n  l o c i ;  l o c i  S s a  2 8 9  a n d  S s o s l  4 1 7  w e r e  l o w e r  
t h a n  t h e  o t h e r  f o u r  l o c i .  E x p e c t e d  h e t e r o z y g o s i t y  ( H t )  c o r r e c t e d  f o r  s a m p l e  s i z e ,  o v e r  a l l  l o c i ,  
w a s  b e t w e e n  0 . 6 9 8  ( N o v e m b e r  1 9 9 8 )  a n d  0 . 7 3 7  ( J u l y  1 9 9 8 ) .  O v e r  a l l  l o c i ,  n o  s i t e  h a d  a  
p a r t i c u l a r l y  l o w  H t .  H t  v a r i e d  b e t w e e n  l o c i  a n d  w a s  l o w e s t  a t  l o c u s  S s a  2 8 9 .  A l l e l e  s i z e s  w e r e  
e q u i v a l e n t  t o  o t h e r  s t u d i e s  e x c e p t  l o c u s  S s o s l  4 1 7  w h i c h  w a s  l a r g e r  i n  t h e  r i v e r s  F r o m e  a n d  
P i d d l e  s a m p l e s  t h a n  i n  o t h e r  s t u d i e s  o f  S .  s a f a r .  
A l l e l e  f r e q u e n c y  d a t a  w e r e  u s e d  t o  e s t i m a t e  p o p u l a t i o n  s t r u c t u r e .  A  t o t a l  o f  3 3  1 +  p a r r  w e r e  
s a m p l e d  o v e r  t h e  t h r e e  y e a r s .  N o  s i g n i f i c a n t  d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  0 +  a n d  1 +  
p a r r  o f  t h e  s a m e  c o h o r t  y e a r ,  h o w e v e r ,  n o n e  o f  t h e  1 +  p a r r  c o u l d  b e  a s s i g n e d  t o  a  s a m p l e  s i t e ,  
t h e r e f o r e  1 +  p a r r  w e r e  e x c l u d e d  f r o m  f u r t h e r  a n a l y s e s .  V e r y  l o w  b u t  s i g n i f i c a n t  
d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  y e a r s .  L o w  b u t  s i g n i f i c a n t  d i f f e r e n t i a t i o n  w a s  d e t e c t e d  
b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e s  i n  e a c h  o f  t h e  t h r e e  y e a r s ,  t h e r e f o r e  p o p u l a t i o n  
s t r u c t u r e  o f  S u m m e r  a n d  A u t u m n  s a m p l e s  w a s  a n a l y s e d  s e p a r a t e l y .  
P o p u l a t i o n  s t r u c t u r e  w a s  e s t i m a t e d  u s i n g  W r i g h t ' s  F  s t a t i s t i c s  t o  m e a s u r e  c o r r e l a t i o n  o f  
a l l e l e s  o v e r  a l l  s i t e s  ( F I T ) ,  b e t w e e n  s i t e s  ( F
S T
)  a n d  w i t h i n  s i t e s  ( F
I S
) .  O v e r  6  l o c i ,  s i g n i f i c a n t  
t o t a l  F I T  w a s  d e t e c t e d  a t  e a c h  t i m e  ( F I T  0 . 1 7 9 - 0 . 3 2 9 ) .  S i g n i f i c a n t  F
S T  
w a s  d e t e c t e d  a t  e a c h  
t i m e  e x c e p t  N o v e m b e r  1 9 9 8  ( F
S T  
0 . 0 3 1 - 0 . 0 6 6 ) .  S i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  e a c h  t i m e  
( 0 . 1 5 3 - 0 . 3 1 ) .  L o c u s  S s a  1 9 7  h a d  t h e  h i g h e s t  p e r c e n t a g e  c o n t r i b u t i o n  t o  o v e r a l l  l o c i  F  
s t a t i s t i c s  a t  f o u r  s a m p l e  t i m e s  a n d  S s a  2 8 9  h a d  t h e  l o w e s t  p e r c e n t a g e  c o n t r i b u t i o n  a t  a l l  
s a m p l e  t i m e s .  T h e  e s t i m a t i o n  o f  o v e r  a l l  s i t e s  F
I S  
w a s  m u c h  h i g h e r  a t  l o c u s  S s o s l  4 1 7  t h a n  a t  
a l l  o t h e r  l o c i ,  t h e r e f o r e  l o c u s  S s o s 1 4 l 7  w a s  r e m o v e d  a n d  a l l  f u r t h e r  e s t i m a t i o n s  u s e d  f i v e  l o c i  
o n l y .  O v e r  5  l o c i ,  s i g n i f i c a n t  F I T  w a s  d e t e c t e d  a t  e a c h  s a m p l e  t i m e ,  h o w e v e r  t h e  v a l u e s  w e r e  
l o w e r  t h a n  t h e  6  l o c u s  e s t i m a t e s  ( F I T  0 . 0 7 5  t o  0 . 2 2 6 ) .  S i g n i f i c a n t  F
S T  
w a s  d e t e c t e d  a t  e a c h  
s a m p l e  t i m e ,  e x c e p t  N o v e m b e r  1 9 9 8  ( F
S T  
0 . 0 3  t o  0 . 0 5 2 ) .  S i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  e a c h  
s a m p l e  t i m e  a n d  b o t h  t h e  v a l u e s  a n d  t h e  l e v e l s  o f  s i g n i f i c a n c e  w e r e  r e d u c e d  ( F
I S  
0 . 0 4 4  t o  
0 . 2 0 2 ) .  
S i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  b e t w e e n  t w o  a n d  t e n  s i t e s  p e r  s a m p l e  t i m e .  S i g n i f i c a n t  F
I S  
w a s  
d e t e c t e d  a t  M o r e t o n  F o r d  a t  5  s a m p l e  t i m e s ,  a t  N o r r i s  f a r m  a t  4  s a m p l e  t i m e s  a n d  a t  L e w e l l  
M i l l  a t  3  s a m p l e  t i m e s .  E s t i m a t i o n  o f  h i g h ,  s i g n i f i c a n t  F
I S  
a t  a  s i t e  c o u l d  b e  d u e  t o  a  s m a l l  
n u m b e r  o f  a d u l t s  s p a w n i n g  a t  t h a t  s i t e .  N u m b e r s  o f  a d u l t s  p e r  s i t e  c o u l d  n o t  b e  m o n i t o r e d  i n  
t h i s  s y s t e m ,  h o w e v e r  n u m b e r  o f  r e d d s  p e r  s i t e  w a s  c o u n t e d  i n  J a n u a r y  2 0 0 0 .  I n  J u l y  2 0 0 0 ,  
h i g h  s i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  L e w e l l  M i l l  a n d  M o r e t o n  F o r d  w h i c h  c o r r e s p o n d s  t o  t h e  
l o w  n u m b e r s  o f  r e d d s  a t  t h e s e  s i t e s .  S e v e n  r e d d s  w e r e  o b s e r v e d  a t  W a t e r b a r n  S t r e a m ,  J u l y  
2 0 0 0 ;  F
I S  
a t  t h i s  s i t e  w a s  l o w  a n d  n o t  s i g n i f i c a n t .  
S i g n i f i c a n t  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  w a s  d e t e c t e d  f o r  a  l a r g e  n u m b e r  o f  p a i r w i s e  
c o m p a r i s o n s .  P a i r w i s e  F
S T  
v a l u e s  w e r e  b e t w e e n  0 . 0 0 0 5  a n d  0 . 1 1 2 6 .  S i g n i f i c a n t  
d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  m a y  b e  d u e  t o  n o n - r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  o r  d u e  t o  
s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s .  N o n - r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  m a y  b e  d u e  t o  
m i g r a t i o n  t o  t h e  n a t a l  s p a w n i n g  s i t e  o r  m i g r a t i o n  t o  s i t e s  w i t h  s p e c i f i c  e n v i r o n m e n t a l  
c h a r a c t e r i s t i c s .  S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  o f  p a i r w i s e  F
S T  
a n d  g e o g r a p h i c a l  d i s t a n c e  
b e t w e e n  s i t e s  w a s  d e t e c t e d  o n l y  i n  J u l y  2 0 0 0 .  
R i v e r  n o w  r a t e  c a t e g o r y  w a s  e s t i m a t e d  a t  a l l  s i t e s .  R i v e r  t e m p e r a t u r e  w a s  e s t i m a t e d  a t  e i g h t  
s i t e s  i n  S u m m e r  a n d  A u t u m n  2 0 0 0 .  R i v e r  t e m p e r a t u r e  w a s  c o n v e r t e d  t o  o p t i m a l  d e g r e e  d a y s .  
B e t w e e n  M a y  a n d  J u l y  o p t i m a l  d e g r e e  d a y s  w e r e  b e t w e e n  7 3 %  a n d  8 4  %  o f  t h e  m a x i m u m  
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p o s s i b l e .  A  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  M a y  t o  J u l y  o p t i m a l  d e g r e e  d a y s  a n d  
d i s t a n c e  o f  s i t e  f r o m  s o u r c e  w a s  d e t e c t e d .  N o  c o r r e l a t i o n  b e t w e e n  o p t i m a l  d e g r e e  d a y s  a n d  
f l o w  r a t e  c a t e g o r y  w e r e  d e t e c t e d .  N o  r e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  a n d  f i s h  l e n g t h  w e r e  
d e t e c t e d .  
N o  c o r r e l a t i o n  b e t w e e n  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  ( p a i r w i s e  F
S T
)  a n d  d i f f e r e n c e s  i n  
e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  ( t e m p e r a t u r e  c o n v e r t e d  t o  o p t i m a l  d e g r e e  d a y s  a n d  n o w  r a t e  
c a t e g o r y )  w a s  d e t e c t e d  a t  a n y  s a m p l e  t i m e .  
T h e  p o s s i b i l i t y  o f  s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  s i t e  c o u l d  b e  r u l e d  o u t  i f  i s o l a t i o n  
b y  d i s t a n c e  w a s  d e t e c t e d  o r  i f  t e m p o r a l  s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y  w a s  d e t e c t e d .  
I s o l a t i o n  b y  d i s t a n c e  w a s  d e t e c t e d  i n  o n e  s a m p l e  t i m e  o n l y  a n d  t e m p o r a l  s t a b i l i t y  o f  s i t e  
a l l e l e  f r e q u e n c y  w a s  n o t  d e t e c t e d  f o r  e i t h e r  1 9 9 8 - 1 9 9 9  o r  1 9 9 9 - 2 0 0 0  t h e r e f o r e  t h e  p o s s i b i l i t y  
t h a t  s m a l l  n u m b e r s  o f  f a m i l i e s  w e r e  s a m p l e d  p e r  s i t e  c a n  n o t  b e  r u l e d  o u t .  
D N A  w a s  e x t r a c t e d  f r o m  1 4 2 1  s c a l e s ,  r e m o v e d  b y  a n g l e r s  f r o m  a d u l t  S .  s a l a r  i n  t h e  R i v e r  
F r o m e  b e t w e e n  1 9 6 3  t o  1 9 9 7 .  S c a l e s  w e r e  a g e d  b y  c o u n t i n g  t h e  n u m b e r  o f  r i n g s ,  h o w e v e r  
a g e  i n f o r m a t i o n  w a s  n o t  a v a i l a b l e  f o r  a l l  s c a l e  s a m p l e s .  S c a l e s  w e r e  a n a l y s e d  b y  c o h o r t  y e a r .  
A l l e l e  f r e q u e n c y  d a t a  w e r e  u s e d  t o  e s t i m a t e  c o r r e l a t i o n  o f  a l l e l e s  w i t h i n  a  c o h o r t  y e a r ,  a n d  n o  
s i g n i f i c a n t  v a l u e s  w e r e  e s t i m a t e d .  S i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  a d u l t  p o p u l a t i o n  s i z e  a n d  
n , u m b e r  o f  a l l e l e s  w a s  d e t e c t e d  a t  l o c u s  S s o s l  8 5 ,  h o w e v e r  t h e  n u m b e r  o f  a l l e l e s  d e t e c t e d  i n  a  
p o p u l a t i o n  i s  d e p e n d e n t  o n  s a m p l e  s i z e  t h e r e f o r e  m e a s u r e s  o f  g e n e t i c  v a r i a b i l i t y ,  c o r r e c t e d  
f o r  p o p u l a t i o n  s i z e ,  s h o u l d  b e  u s e d  t o  c o m p a r e  b e t w e e n  y e a r s .  N o  c o r r e l a t i o n  b e t w e e n  a d u l t  
p o p u l a t i o n  s i z e  a n d  a l l e l i c  r i c h n e s s  o r  b e t w e e n  e x p e c t e d  h e t e r o z y g o s i t y  w a s  d e t e c t e d .  
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2 .  I N T R O D U C T I O N  
2 . 1  B a c k g r o u n d  
T h e  r i v e r s  P i d d l e  a n d  F r o m e  a r e  a n  i d e a l  s y s t e m  f o r  a  d e t a i l e d  s t u d y  o f  S a l m o  s a l a r  s p a t i a l  
a n d  t e m p o r a l  g e n e t i c  v a r i a t i o n  a n d  p o p u l a t i o n  s t r u c t u r e .  T h e  a d u l t  p o p u l a t i o n  s i z e  i n  t h e  
F r o m e  f r o m  1 9 7 0  t o  p r e s e n t  i s  k n o w n  a n d  a n  a r c h i v e  s c a l e  c o l l e c t i o n ,  d a t i n g  f r o m  1 9 6 0 ,  h a s  
a l l o w e d  c h a n g e s  i n  n u m b e r  o f  a d u l t s  r e t u r n i n g  t o  s p a w n  a n d  c h a n g e s  i n  p o p u l a t i o n  a g e  
s t r u c t u r e  t o  b e  m o n i t o r e d .  T h e  r i v e r s  P i d d l e  a n d  F r o m e  a r e  c h a l k  s t r e a m s  t h a t  h a v e  n e v e r  
b e e n  s t o c k e d  w i t h  s a l m o n .  
A  g l o b a l  d e c l i n e  h a s  o c c u r r e d  i n  S .  s a l a r  p o p u l a t i o n s .  T h i s  i s  r e t 1 e c t e d  b o t h  i n  t o t a l  c a t c h  d a t a  
( M i l l s  e t  a l .  1 9 9 9 )  a n d  r o d  c a t c h  d a t a  ( W e l t o n  e t  a l .  1 9 9 9 ) .  I n  s o m e  r i v e r s  r e d u c e d  p o p u l a t i o n  
s i z e  i s  d u e  t o  l a r g e  b a r r i e r s  t o  m i g r a t i o n  w h i c h  p r e v e n t  a d u l t s  f r o m  r e a c h i n g  s p a w n i n g  s i t e s .  
S .  s a l a r  i n  t h e  F r o m e  w e r e  h i s t o r i c a l l y  e x p l o i t e d  b y  a  s t o n e  w e i r  a t  W a r e h a m ,  i n  p l a c e  f r o m  
t h e  1 4
t h  
C e n t u r y .  T h e  p o p u l a t i o n  w a s  n e a r l y  c o m p l e t e l y  d e s t r o y e d  b y  1 8 5 0 ,  a n d  u s e  o f  t h e  
w e i r  w a s  p r o h i b i t e d  i n  1 8 6 1  ( S o l o m o n  2 0 0 0 ) .  T h e  n u m b e r  o f  s a l m o n  r e t u r n i n g  t o  s p a w n  h a s  
s i n c e  r e c o v e r e d .  B a r r i e r s  t o  m i g r a t i o n  s u c h  a s  m i l l s  a t  E a s t  S t o k e  a n d  B i n d o n  w e r e  f i r s t  
d o c u m e n t e d  i n  t h e  1 9 l 0 s  ( S o l o m o n  2 0 0 0 ) .  T h e  f i r s t  p o s s i b l e  b a r r i e r  t o  u p s t r e a m  m i g r a t i o n  o f  
a d u l t s  i s  t h e  m i l l  c h a n n e l s  a t  E a s t  S t o k e  ( E S ) .  O b s t r u c t i o n s  h a v e  b e e n  r e m o v e d  a n d  i t  h a s  
b e e n  o b s e r v e d  t h a t  t h e  r e s i s t i v i t y  c o u n t e r  d o e s  n o t  c a u s e  a  b a r r i e r  t o  m o v e m e n t .  O l d  h a t c h  
c h a n n e l s  a t  B i n d o n  M i l l s t r e a m  ( B M )  d o  n o t  p r e s e n t  a  b a r r i e r  t o  m i g r a t i o n  p r o v i d i n g  t h e  f l o w  
r a t e  i s  s u f f i c i e n t l y  h i g h .  F o r m e r  m i l l  s t r u c t u r e s  a t  E a s t  B u r t o n  ( E B )  w e r e  f o u n d  t o  h a v e  n o  
e f f e c t  o n  m i g r a t i o n  p r o v i d i n g  t h a t  t h e  s l u i c e s  w e r e  k e p t  f r e e  o f  w e e d .  A  w e i r  a t  W a t e r b a r n  
S t r e a m  ( W S )  o p e r a t e d  b y  t h e  E n v i r o n m e n t  A g e n c y  d i d  n o t  p o s e  a  b a r r i e r  t o  m i g r a t i o n  
p r o v i d e d  t 1 0 w  r a t e  w a s  s u f f i c i e n t l y  h i g h .  I t  w a s  s t a t e d  t h a t  b y  1 9 8 6 ,  n o  m a j o r  o b s t a c l e s  e x i s t  
t o  u p s t r e a m  m o v e m e n t  o f  a d u l t s  ( S o l o m o n  2 0 0 0 ) .  
T h e  t o t a l  n u m b e r  o f  a d u l t s  r e t u r n i n g  t o  s p a w n  h a s  b e e n  m o n i t o r e d  s i n c e  1 9 7 0  b y  a  f i s h  
c o u n t e r  a t  E a s t  S t o k e  ( G r i d  r e f e r e n c e  S Y 8 7 0 8 6 7 ) .  D a t a  f r o m  t h e  f i s h  c o u n t e r ,  c o m b i n e d  w i t h  
i n f o r m a t i o n  f r o m  a n  a r c h i v e  s c a l e  c o l l e c t i o n ,  r e v e a l e d  t h a t  t h e  p o p u l a t i o n  h a s  d e c l i n e d  a n d  
t h e  a g e  s t r u c t u r e  h a s  a l t e r e d .  P r i o r  t o  1 9 9 1 ,  t h e  a v e r a g e  n u m b e r s  o f  a d u l t  S .  s a l a r  a s c e n d i n g  
t h e  F r o m e  w a s  a r o u n d  2 5 0 0  p e r  a n n u m ,  w i t h  a  m a x i m u m  o f  4 0 0 0  i n  1 9 8 8 .  S i n c e  1 9 9 1 ,  m e a n  
n u m b e r s  o f  a d u l t s  h a v e  r e d u c e d  t o  a n  a v e r a g e  o f  l e s s  t h a n  1 0 0 0  p e r  a n n u m  ( F i g u r e  1 . 1 )  
( W e l t o n  e t  a l .  1 9 9 9 ) .  
A  m u l t i  s e a  w i n t e r  ( M S W )  f i s h  i s  a n  i n d i v i d u a l  t h a t  s t a y e d  a t  s e a  a t  t h e  f e e d i n g  g r o u n d s  f o r  
m o r e  t h a n  o n e  y e a r .  A  d i s p r o p o r t i o n a t e  d e c l i n e  i n  t h e  m u l t i - s e a  w i n t e r  f r a c t i o n s  o f  t h e  
p o p u l a t i o n  a n d  a  d e c l i n e  i n  t h e  s p r i n g  r u n ,  i n  w h i c h  M S W  f i s h  p r e d o m i n a t e ,  o c c u r r e d  i n  t h e  
F r o m e  a n d  h a s  a l s o  b e e n  r e p o r t e d  i n  o t h e r  r i v e r s  ( R o g a n  e t  a l .  1 9 9 3 ) .  I n  t h e  R i v e r  F r o m e ,  a  
n u m b e r  o f  a d u l t  f e m a l e s  s u r v i v e d  s p a w n i n g  a n d  s p a w n e d  a g a i n ;  2 8  %  o f  3  S W  a n d  7  %  o f  2  
S W  f i s h  h a d  s p a w n e d  p r e v i o u s l y  ( W e l t o n  e t  a l .  1 9 9 9 ) .  M o s t  p a r r  ( j u v e n i l e  s a l m o n  i n  
f r e s h w a t e r )  s m o l t e d  ( c h a n g e  f r o m  p a r r  t o  s m o l t ,  w i t h  p h y s i o l o g i c a l  c h a n g e s  f o r  s u r v i v a l  i n  
s a l t  w a t e r  a n d  c o l o u r i n g  c h a n g e  f r o m  c a m o u t 1 a g e  m a r k i n g s  t o  s i l v e r )  a t  a g e  1 + ;  d a t a  f r o m  
s c a l e s  s h o w e d  t h a t  o n l y  1 2  %  s m o l t e d  a t  2 + ,  i n  c o n t r a s t  w i t h  N o r t h e r n  R i v e r s ,  w h e r e  g r e a t e r  
p r o p o r t i o n  o f  p a r r  r e m a i n  i n  t h e  r i v e r  f o r  m o r e  t h a n  o n e  y e a r .  
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D e c l i n e  o f  S .  s a l a r  p o p u l a t i o n s  i s  o f  c o n c e r n  b o t h  e c o n o m i c a l l y  a n d  f o r  s p e c i e s  c o n s e r v a t i o n .  
A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  e x t e n t  a n d  s t r u c t u r e  o f  g e n e t i c  d i v e r s i t y  i s  r e q u i r e d  t o  i n f o r m  
s p e c i e s  m a n a g e m e n t  p r o g r a m m e s .  
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F i g u r e  1 . 1 	  N u m b e r  o f  a d u l t  S .  s a l a r  d e t e c t e d  b y  f i s h  c o u n t e r  o n  R i v e r  F r o m e  b e t w e e n  
1 7 7 3  a n d  1 9 9 7  
2 . 2  M u l t i  s e a  w i n t e r  f i s h  
I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  f i s h  o f  d i f f e r e n t  s e a  a g e s  m a y  s p a w n  i n  d i f f e r e n t  p a r t s  o f  a  r i v e r  
s y s t e m  ( S u m m e r s  1 9 9 6 ) .  O n  t h e  R i v e r  S p e y  s p r i n g  M S W  s a l m o n  m i g r a t e  t o  a n d  s u b s e q u e n t l y  
s p a w n  i n  t h e  u p p e r  r e a c h e s  w h i l e  s u m m e r  M S W  f i s h  r e m a i n  i n  t h e  l o w e r  r e a c h e s .  S i m i l a r l y ,  
e a r l y  r u n n i n g  g r i l s e  s p a w n  i n  t h e  u p p e r  r e a c h e s  w h i l s t  l a t e r  r u n n i n g  f i s h  r e m a i n  i n  t h e  l o w e r  
r e a c h e s  ( L a u g h t o n  1 9 9 1 ) .  S e v e r a l  S p e y  s a l m o n  s h o w e d  m i g r a t o r y  b e h a v i o u r  p a t t e r n s  w h i c h  
i n d i c a t e d  h o m i n g  b e h a v i o u r  a s s o c i a t e d  w i t h  i n c r e a s e d  t r i b u t a r y  d i s c h a r g e s .  W e b b  a n d  H a w k i n s  
( 1 9 8 9 )  w o r k i n g  o n  t h e  R i v e r  D e e  o b s e r v e d  s i m i l a r  p a t t e r n s .  
T h e r e  h a s  b e e n  a  d r a m a t i c  d e c l i n e  i n  M S W  f i s h  i n  c h a l k  s t r e a m s  a n d  i n  t h e  o v e r a l l  n u m b e r  o f  
m i g r a t i n g  a d u l t s .  T h e  T e s t  h a s  b e e n  p a r t i c u l a r l y  a f f e c t e d  a n d  t h e  d e c i s i o n  w a s  m a d e  t o  
s u p p l e m e n t  s t o c k s  w i t h  f i s h  o f  h a t c h e r y  o r i g i n .  S c o t t i s h  s t o c k  w a s  c h o s e n  f o r  i t s  l a r g e  M S W  
c o m p o n e n t  a n d  s t o c k i n g  h a s  b e e n  c a r r i e d  o u t  s i n c e  t h e  l a t e  8 0 s .  H o w e v e r ,  t h e r e  h a s  b e e n  n o  
e v i d e n c e  o f  a n  i n c r e a s e  i n  t h e  M S W  c o m p o n e n t  o f  t h e  s t o c k  i n  t h e  T e s t  ( R u s s e l l  e t  a l .  1 9 9 6 ) .  
T h e  1 9 9 2  j u v e n i l e  f i s h  o f  t h e  T e s t  s h o w e d  d i s t i n c t  d i f f e r e n c e s  i n  a l l e l e  f r e q u e n c y  f r o m  w i l d  f i s h  
a n d  f r o m  p r e v i o u s  b a t c h e s  o f  R i v e r  T e s t  o r i g i n  h a t c h e r y  r e a r e d  f i s h  ( T h o m p s o n  a n d  R u s s e l l  
1 9 9 4 ) .  T h e s e  d i f f e r e n c e s  m a y  h a v e  b e e n  d u e  t o  u s i n g  a n  i n s u f f i c i e n t  n u m b e r  o f  f i s h  a s  
b r o o d s t o c k  r e s u l t i n g  i n  a  b i a s e d  s a m p l e  ( q u i t e  p o s s i b l e )  o r  t h a t  r e a r i n g  j u v e n i l e s  u n d e r  h a t c h e r y  
c o n d i t i o n s  c a u s e  d i f f e r e n t  s e l e c t i o n  p r e s s u r e s  t h a n  t h o s e  f o u n d  i n  t h e  w i l d  ( u n l i k e l y  a s  p r e v i o u s  
h a t c h e r y  r e a r e d  j u v e n i l e s  h a d  t h e  c h a r a c t e r i s t i c s  o f  w i l d  f i s h )  o r  f r o m  m i s t a k e n  i d e n t i t y  o f  
b r o o d s t o c k ,  e g g s  o r  j u v e n i l e s  d u r i n g  h a t c h e r y  p r o c e d u r e s  ( p o s s i b l e ) .  I t  w a s  d e c i d e d  t o  t r y  t o  
m a i n t a i n  t h e  g e n e t i c  i n t e g r i t y  o f  t h e  T e s t  s t o c k  a n d  m o n i t o r  t h e  g e n e t i c  a l l e l e  f r e q u e n c y  o f  
f u r t h e r  i n t r o d u c t i o n s  a s  w e l l  a s  t h e  s t o c k  i n  g e n e r a l  t o  s e e  i f  t h e  e f f e c t s  o f  p a s t  s t o c k i n g  w i t h  
n o n - T e s t  f i s h  h a v e  r e s u l t e d  i n  a n y  s i g n i f i c a n t  c h a n g e  t o  t h e  g e n e t i c  m a k e - u p  o f  t h e  s t o c k .  
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R e s u l t s  f o r  1 9 9 4  s u g g e s t  t h a t  t h e  a l l e l e  f r e q u e n c y  o f  a d u l t  T e s t  f i s h  h a s  b e e n  m o d i f i e d  b y  
i n t r o d u c t i o n s  a n d  a r e  n o w  a  " c r o s s "  b e t w e e n  T e s t  f i s h  a n d  S c o t t i s h  f i s h  ( R u s s e l l  a n d  J a m e s  
1 9 9 4 ) .  E v e n  f o l l o w i n g  t h e  d e c i s i o n  t o  t r y  a n d  m a i n t a i n  t h e  g e n e t i c  i n t e g r i t y  o f  T e s t  s t o c k ,  
h a t c h e r y  f i s h  i n t r o d u c e d  i n  1 9 9 5  c a m e  f r o m  T e s t / S c o t t i s h  b r o o d s t o c k  o f  m i x e d  o r i g i n  a n d  n o t  
n a t i v e  T e s t  s t o c k .  
A  g e n e t i c  a p p r a i s a l  o f  s a l m o n  s t o c k s  o n  t h e  r i v e r s  A v o n ,  P i d d l e  a n d  F r o m e  b y  M A F F  n o t e s  t h a t  
t h e  s A A T - 4 *  a l l e l e  f r e q u e n c y  o f  c h a l k  s t r e a m  s a l m o n  h a s  b e e n  f o u n d  t o  b e  d i f f e r e n t  f r o m  o t h e r  
r i v e r s  d u e  e i t h e r  t o  g e n e t i c  d r i f t  o r  a d a p t a t i o n  t o  t h e  c h a l k  s t r e a m  h a b i t a t  ( R u s s e l l  a n d  C h i l d  
1 9 9 6 ,  R u s s e l l  a n d  J a m e s  1 9 9 5 ) .  T h e  a p p a r e n t  g e n e t i c  m o d i f i c a t i o n  o f  t h e  T e s t  a n d  I t c h e n  s t o c k  
b y  r e c e n t  i n t r o d u c t i o n s  o f  p a r r  d e r i v e d  f r o m  o t h e r  s o u r c e s  h a s  r a i s e d  c o n c e r n s  a b o u t  t h e  
p o t e n t i a l  i m p l i c a t i o n s  f o r  o t h e r  s o u t h  c o a s t  c h a l k  s t r e a m s .  
2 . 3  G e n e t i c  v a r i a t i o n  
A  p o s s i b l e  o u t c o m e  o f  d e c l i n e  i n  p o p u l a t i o n  s i z e  i s  a  r e d u c t i o n  o f  g e n e t i c  v a r i a b i l i t y  a n d  
f i t n e s s .  T h e  s u s c e p t i b i l i t y  o f  a  s p e c i e s  t o  l o s s  o f  g e n e t i c  d i v e r s i t y  w h e n  p o p u l a t i o n  s i z e  i s  
r e d u c e d  i s  d e p e n d e n t  o n  t h e  d i s t r i b u t i o n  o f  g e n e t i c  v a r i a t i o n  w i t h i n  a n d  a m o n g  p o p u l a t i o n s  
( J o r d a n  e t  a l .  1 9 9 2 ) .  
S p a t i a l  g e n e t i c  v a r i a t i o n  a n d  t h e  s p a t i a l  g e n e t i c  s t r u c t u r e  o f  s a l m o n  p o p u l a t i o n s  o n  a  
c o n t i n e n t a l  a n d  b e t w e e n - r i v e r  s c a l e  h a s  b e e n  w e l l  s t u d i e d  ( M c C o n n e l l  e t  a l .  1 9 9 5 ,  S a n c h e z  e t  
a l .  1 9 9 6 ,  S t a h l  1 9 9 8 ,  T e s s i e r  e t  a l .  1 9 9 7  a n d  V e r s p o o r  1 9 9 7 ) .  H o w e v e r ,  g e n e t i c  v a r i a t i o n  a n d  
p o p u l a t i o n  s t r u c t u r e  w i t h i n - r i v e r s  h a s  b e e n  l e s s  w e l l  s t u d i e d  a n d  t h e r e  i s  o n l y  o n e  p r e v i o u s l y  
p u b l i s h e d  s t u d y  o f  t h e  t e m p o r a l  c o m p o n e n t  o f  s p a t i a l  g e n e t i c  d i f f e r e n t i a t i o n  o f  S .  s a l a r  
( G a r a n t  e t  a l .  2 0 0 0 ) .  
T h e  e x t e n t  a n d  s t r u c t u r e  o f  S .  s a l a r  g e n e t i c  v a r i a t i o n  m a y  b e  i n n u e n c e d  b y  l i f e  h i s t o r y  a n d  
b e h a v i o u r a l  t r a i t s  a n d  e n v i r o n m e n t a l  f a c t o r s .  L i t t l e  i s  k n o w n  a b o u t  t h e  b e h a v i o u r  o f  a d u l t s  i n  
t h e  r i v e r  w i t h  r e g a r d  t o  s e l e c t i o n  o f  s p a w n i n g  s i t e s .  S u b d i v i s i o n  o f  a  p o p u l a t i o n  w i t h i n  r i v e r  
s y s t e m  c a n  o c c u r  i f  a d u l t s  r e t u r n  t o  t h e  n a t a l  s i t e s  t o  s p a w n .  Y o u n g s o n  e t  a l .  ( 1 9 9 4 )  a n d  
H e g g b e r g e t  e t  a l .  ( 1 9 8 8 )  h a v e  s h o w n  t h a t  h o m i n g  o c c u r s  t o  a  s m a l l e r  a r e a  t h a n  t h e  w h o l e  
c a t c h m e n t  a n d  m a y  b e  t r i b u t a r y  b a s e d .  B e h a v i o u r a l  t r a i t s  s u c h  a s  a s s o r t a t i v e  m a t i n g  d u e  t o  s i z e  
o r  t i m e  o f  r e t u r n  a n d  ( p o s s i b l e )  m a t i n g  w i t h  k i n  c a n  a l s o  l e a d  t o  g e n e t i c  s t r u c t u r i n g .  F a c t o r s  
s u c h  a s  m i g r a t i o n  b a r r i e r s  a n d  p h y s i c a l  a n d  e n v i r o n m e n t a l  d i f f e r e n c e s  ( p H ,  p o l l u t i o n ,  s p e e d  
o f  n o w ,  g r a v e l ,  v e g e t a t i o n ,  p r e d a t o r s )  b e t w e e n  s i t e s  m a y  a l s o  l e a d  t o  g e n e t i c  d i f f e r e n t i a t i o n .  
L i f e  h i s t o r y  t r a i t s  s u c h  a s  p r e c o c i o u s  m a t u r a t i o n  o f  m a l e  p a r r  a n d  r e p e a t  s p a w n i n g  b y  s o m e  
f e m a l e s  c a n  l e a d  t o  r e d u c t i o n  o f  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  w i t h i n  a  r i v e r .  
P r e c o c i o u s  p a r r  a r e  n o t  c o n s t r a i n e d  b y  n o r m a l  m a t i n g  b a r r i e r s  a n d  s p a w n i n g  m a y  n o t  b e  s i t e  
s p e c i f i c .  L i m i t e d  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  r e p e a t  s p a w n e r s  b u t  i t  i s  p o s s i b l e  t h a t  
t h e s e  f i s h  s p a w n  a t  d i f f e r e n t  s i t e s  o r  e v e n  d i f f e r e n t  r i v e r s .  I t  i s  p o s s i b l e  t o  c o r r e l a t e  l i f e  
h i s t o r y  a n d  b e h a v i o u r a l  t r a i t s  w i t h  p a t t e r n s  o f  g e n e t i c  v a r i a t i o n ,  h o w e v e r ,  f u r t h e r  i n f o r m a t i o n  
r e g a r d i n g  t h e  h e r i t a b i l i t y  o f  t h e s e  t r a i t s  i s  n e e d e d  b e f o r e  f i r m  c o n c l u s i o n s  c a n  b e  m a d e .  
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2 . 4  L o n g  t e r m  g e n e t i c  v a r i a t i o n  
T h e  l o n g  t e r m  d a t a  f o r  t h e  R i v e r  F r o m e  p r o v i d e s  a  u n i q u e  o p p o r t u n i t y  t o  r e l a t e  c h a n g e s  i n  
g e n e t i c  v a r i a b i l i t y  w i t h  c h a n g e s  i n  n u m b e r  o f  a d u l t s  r e t u r n i n g  t o  s p a w n  a n d  c h a n g e s  i n  a g e  
s t r u c t u r e  o v e r  a  l o n g  t i m e  p e r i o d .  S c a l e s  h a v e  b e e n  c o l l e c t e d  b y  a n g l e r s  s i n c e  1 9 6 3 ,  h o w e v e r ,  
t h e  n u m b e r  o f  i n d i v i d u a l s  s a m p l e d  i n  a n y o n e  y e a r  v a r i e d  d r a m a t i c a l l y ,  f r o m  o n e  i n  1 9 8 3  t o  
1 6 9  i n  1 9 7 4  ( F i g u r e  2 . 4 . 1 . ) .  T o  a l l o w  a c c u r a t e  c o m p a r i s o n  o f  g e n e t i c  v a r i a b i l i t y  b e t w e e n  
y e a r s ,  i n d i v i d u a l s  w e r e  a n a l y s e d  b y  c o h o r t  y e a r  ( F i g u r e  2 . 4 . 2 ) .  
N o  o t h e r  s t u d i e s  e x i s t  w i t h  s u c h  a n  e x t e n s i v e  s c a l e  c o l l e c t i o n ,  a l t h o u g h  o t h e r  s t u d i e s  h a v e  
u s e d  o l d  s c a l e  s a m p l e s  a n d  c o m p a r e d  g e n e t i c  v a r i a b i l i t y  t o  c u r r e n t  s a m p l e s .  F o r  e x a m p l e ,  
N i e l s e n  e t  a l .  ( 1 9 9 7 )  a s s e s s e d  c h a n g e s  i n  g e n e t i c  v a r i a b i l i t y  o f  S .  s a l a r  u s i n g  s c a l e s  f r o m  t h e  
1 9 3 0 s  a n d  s a m p l e s  t a k e n  i n  1 9 8 9 .  R e d u c t i o n  i n  g e n e t i c  d i v e r s i t y  w a s  d e t e c t e d ;  t h i s  m a y  b e  a  
r e s u l t  o f  a  g e n e t i c  b o t t l e n e c k ,  h o w e v e r ,  t h i s  m a y  b e  d u e  t o  p r o b l e m s  c o m p a r i n g  a d u l t  a n d  
j u v e n i l e  s a m p l e s .  
A l l e l e  f r e q u e n c y  d a t a  c a n  b e  u s e d  t o  d e t e c t  r e d u c t i o n  i n  g e n e t i c  v a r i a t i o n  ( C o r n u e t  a n d  
L u i k a r t  1 9 9 6  a n d  L u i k a r t  a n d  C o r n e t  1 9 9 8 ) .  I n  t h i s  r i v e r  t h e  n u m b e r  o f  r e t u r n i n g  a d u l t s  d i d  
n o t  f a l l  b e l o w  1 0 0 0  f o r  a n y  y e a r ,  t h u s  t h e  p o p u l a t i o n  s i z e  r e m a i n e d  r e l a t i v e l y  l a r g e .  I t  i s  
p o s s i b l e  t h a t  e f f e c t i v e  p o p u l a t i o n  s i z e s  w e r e  l o w e r  t h a n  r e c o r d e d  c e n s u s  a d u l t  p o p u l a t i o n  s i z e  
f o r  c e r t a i n  y e a r s .  C h a n g e s  i n  e f f e c t i v e  p o p u l a t i o n  s i z e  o v e r  t i m e  c a n  b e  e s t i m a t e d  ( M i l l e r  a n d  
K a p u s c i n s k i  1 9 9 7  a n d  N e i g e l  1 9 9 6 ) .  A l l e l e  f r e q u e n c y  d a t a  c a n  b e  u s e d  t o  d e t e r m i n e  i f  
d i f f e r e n c e s  o c c u r  b a s e d  o n  l i f e  h i s t o r y  v a r i a b l e s  ( n u m b e r  o f  y e a r s  s p e n t  i n  r i v e r  a s  p a r r  a n d  
n u m b e r  o f  y e a r s  a t  s e a  b e f o r e  r e t u r n  t o  s p a w n )  a n d  t h u s  c a n  b e  u s e d  t o  t e s t  i f  m u l t i - s e a  w i n t e r  
f i s h  f o r m  a  s e p a r a t e  c o m p o n e n t  o f  t h e  p o p u l a t i o n .  A s p e c t s  o f  S .  s a l a r  l i f e  h i s t o r y ,  f o r  
e x a m p l e  o v e r l a p p i n g  g e n e r a t i o n s  ( W a p l e s  a n d  T e e l  1 9 9 0 ) ,  m u l t i p l e  s p a w n e r s  a n d  t h e  
p r e s e n c e  o f  p r e c o c i o u s  p a r r ,  m a y  c o n t r i b u t e  t o  l o w  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  y e a r s .  
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c o h o r t  
F i g u r e  2 . 4 . 2  N u m b e r  o f  s c a l e  s a m p l e s  p e r  c o h o r t  
2 . 5 . 1  S a m p l i n g  c o n c e r n s  
S i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  w i t h i n  a  r i v e r  m a y  b e  c a u s e d  b y  t h e  n o n ­
r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  o r  m a y  b e  d u e  t o  s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  
s i t e .  I d e a l l y  d i f f e r e n t i a t i o n  b e t w e e n  s p a w n i n g  p o p u l a t i o n s  w o u l d  b e  e s t i m a t e d  u s i n g  s a m p l e s  
t a k e n  f r o m  s p a w n i n g  a d u l t s  o r  f r o m  e g g s .  H o w e v e r ,  i n  m a n y  r i v e r s  s u c h  a s  t h e  F r o m e ,  
s a m p l i n g  o f  s p a w n i n g  a d u l t s  i s  n o t  p e r m i t t e d  a n d  t h e r e f o r e  s a m p l e s  a r e  t a k e n  f r o m  j u v e n i l e s  
a t  t h e  p a r r  s t a g e .  T h e r e  a r e  a  n u m b e r  o f  f a c t o r s  w h i c h  m u s t  b e  c o n s i d e r e d  w h e n  e s t i m a t i n g  
i n f o r m a t i o n  a b o u t  s p a w n i n g  a d u l t s  b y  s a m p l i n g  p r o g e n y .  
T h e  l i f e  c y c l e  a n d  b e h a v i o u r  o f  S .  s a l a r  w i t h i n  c h a l k  s t r e a m s  i n t 1 u e n c e s  t h e  t i m e  o f  y e a r  t h a t  
s a m p l i n g  c a n  b e  p e r f o r m e d .  T h e  a g e  s t r u c t u r e  o f  j u v e n i l e s  m u s t  a l s o  b e  c o n s i d e r e d .  I n  t h e  
r i v e r s  F r o m e  a n d  P i d d l e ,  s p a w n i n g  o c c u r s  i n  D e c e m b e r /  J a n u a r y  a n d  t h e r e f o r e  n o  s a m p l i n g  
w a s  p e r m i t t e d  b e f o r e  J u l y  t o  e n s u r e  t h a t  j u v e n i l e s  w e r e  s u f f i c i e n t l y  l a r g e  t o  w i t h s t a n d  
e l e c t r o f i s h i n g  a n d  h a n d l i n g .  S a m p l i n g  w a s  n o n - d e s t r u c t i v e ;  j u v e n i l e s  w e r e  r e t u r n e d  t o  t h e  
r i v e r  a f t e r  r e m o v a l  o f  a  f i n  c l i p .  
T h e r e  i s  l i m i t e d  i n f o r m a t i o n  o n  t h e  m o v e m e n t  o f  p a r r  w i t h i n  t h e  r i v e r  t h r o u g h o u t  t h e  y e a r .  I t  
w a s  a s s u m e d  t h a t  y o u n g  p a r r  r e m a i n e d  a t  t h e  s i t e  o f  h a t c h i n g .  A  s e c o n d  s a m p l e  w a s  t a k e n  i n  
A u t u m n  o f  t h e  s a m e  y e a r  t o  a s s e s s  p a r r  s i t e  f i d e l i t y .  O n e  s a m p l e  w a s  t a k e n  i n  N o v e m b e r  
1 9 9 8  t o  d e t e r m i n e  i f  a n y  j u v e n i l e s  r e m a i n e d  i n  s m a l l  t r i b u t a r i e s  l a t e  i n  t h e  y e a r .  P r e v i o u s  
w o r k  h a s  s u g g e s t e d  t h a t  p a r r  m o v e  f r o m  s m a l l  t r i b u t a r i e s  t o  t h e  m a i n  r i v e r  i n  A u t u m n  ( R i l e y ,  
p e r s .  c o m m . ) .  
P a r r  c a n  r e m a i n  i n  t h e  r i v e r  f o r  u p  t o  5  y e a r s  b e f o r e  s m o l t i n g .  I n  c h a l k  s t r e a m s  m o s t  j u v e n i l e  
S .  s a l a r  s m o l t  a f t e r  o n e  y e a r ,  h o w e v e r ,  p a r r  o l d e r  t h a n  0 +  d o  o c c u r  i n  t h e  r i v e r s  F r o m e  a n d  
P i d d l e .  P a r r  o f  d i f f e r e n t  c o h o r t s  m a y  b e  p r e s e n t  a t  t h e  s a m e  s i t e ,  a n d  p r e v i o u s  s t u d i e s  
( B e a c h a m  a n d  D e m p s o n  1 9 9 8 )  h a v e  d e l i b e r a t e l y  s a m p l e d  p a r r  o f  d i f f e r e n t  a g e  g r o u p s .  
R e s u l t s  f r o m  s t u d i e s  w h e r e  a l l e l e  f r e q u e n c i e s  o f  p a r r  o f  d i f f e r e n t  c o h o r t s  h a v e  b e e n  p o o l e d ,  
s h o u l d  b e  v i e w e d  w i t h  c a u t i o n ;  a l l e l e  f r e q u e n c i e s  m a y  n o t  b e  s t a b l e  o v e r  t i m e ,  p a r r  o l d e r  t h a n  
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0 +  m a y  h a v e  m i g r a t e d  f r o m  t h e  s i t e  w h e r e  t h e y  h a t c h e d  a n d  p a r r  o l d e r  t h a n  0 +  m a y  b e  
p r e c o c i o u s l y  m a t u r e .  P a r r  o f  d i f f e r e n t  c o h o r t s  s h o u l d  n o t  b e  p o o l e d  u n l e s s  d e t e c t e d  a l l e l e  
f r e q u e n c i e s  a r e  t e m p o r a l l y  s t a b l e  a n d  i t  c a n  b e  p r o v e d  t h a t  o l d e r  p a r r  h a v e  n o t  m i g r a t e d  f r o m  
t h e  s i t e  w h e r e  t h e y  h a t c h e d .  P r e c o c i o u s  p a r r  o c c u r  i n  t h e  F r o m e ,  a l t h o u g h  i t  i s  i m p o s s i b l e  t o  
q u a n t i f y  t h e  e x a c t  p r o p o r t i o n s  w i t h o u t  d e s t r u c t i v e  s a m p l i n g .  
S t u d y  s i t e s  w e r e  s e l e c t e d  o n  t h e  b a s i s  o f  g o o d  h a b i t a t  f o r  j u v e n i l e  s a l m o n  w i t h  t h e  l i k e l i h o o d  
t h a t  s u f f i c i e n t  i n d i v i d u a l s  w o u l d  b e  s a m p l e d  f o r  g e n e t i c  a n a l y s i s .  D i s t r i b u t i o n  m a p s  o f  r e d d  
( g r a v e l  s t r u c t u r e  c o n t a i n i n g  e g g s )  c o u n t s  f o r  1 9 8 0 / 1 9 8 1  a n d  1 9 8 2 / 1 9 8 3  ( W e s s e x  w a t e r  
a u t h o r i t y )  ( S o l o m o n  2 0 0 0 )  i n d i c a t e  t h a t  s u i t a b l e  s p a w n i n g  s i t e s  o c c u r  o v e r  t h e  e n t i r e  r i v e r .  
R e d d s  w e r e  o b s e r v e d  f r o m  t h e  t i d a l  l i m i t  o f  t h e  R i v e r  F r o m e  a t  W a r e h a m  t o  5  k I n  u p s t r e a m  
o f  D o r c h e s t e r .  O n  t h e  r i v e r  P i d d l e ,  r e d d s  w e r e  o b s e r v e d  f r o m  t h e  t i d a l  l i m i t  t o  T o l p u d d l e  a n d  
u p s t r e a m  t o  B e r e  R e g i s  ( B e r e  S t r e a m ) .  
I t  i s  p o s s i b l e  t h a t  s a m p l e  s i t e s  s e l e c t e d  d o  n o t  c o r r e s p o n d  t o  a  ' p o p u l a t i o n ' .  P o p u l a t i o n s  a r e  
d e f i n e d  a s  g r o u p s  o f  i n d i v i d u a l s  w i t h  c o n s t r a i n e d  a m o n g - p o p u l a t i o n s  i n t e r b r e e d i n g ,  b u t  w i t h  
r a n d o m  m a t i n g  w i t h i n  e a c h  p o p u l a t i o n  ( V e r s p o o r  1 9 9 7 ) .  I t  m a y  b e  p o s s i b l e  t h a t  t w o  
p o p u l a t i o n s  h a v e  b e e n  p o o l e d  o r  w h e n  s a m p l e  s i t e s  a r e  a d j a c e n t  i t  i s  p o s s i b l e  t h a t  s a m p l e s  a r e  
i n  f a c t  f r o m  o n e  p o p u l a t i o n .  
2 . 5 . 2  S a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  s i t e  
D e t e c t i o n  o f  s i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  m a y  i n d i c a t e  t h a t  a d u l t s  r e t u r n e d  
n o n - r a n d o m l y  t o  s p a w n .  H o w e v e r ,  s i g n i f i c a n t  d i f f e r e n t i a t i o n  m a y  b e  d e t e c t e d  w h e n  s a m p l i n g  
s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  s i t e  ( H a n s e n  e t  a l .  1 9 9 7 )  o r  d u e  t o  s a m p l i n g  l a r g e  n u m b e r s  o f  
o f f s p r i n g  f r o m  a  s m a l l  n u m b e r  o f  s p a w n i n g  a d u l t s  w i t h  n o  r e p r o d u c t i v e  i s o l a t i o n  ( A l l e n d o r f  
a n d  P h e l p s  1 9 8 1 ) .  A n  e s t i m a t i o n  o f  t h e  p o p u l a t i o n  s i z e  a n d  e f f e c t i v e  p o p u l a t i o n  s i z e  a t  e a c h  
s i t e  w o u l d  i n d i c a t e  i f  t h e  ' A l l e n d o r f '  e f f e c t  o c c u r s .  H o w e v e r  n u m b e r s  o f  a d u l t s  p e r  s i t e  w e r e  
n o t  a v a i l a b l e  i n  t h i s  s y s t e m .  
I t  i s  p o s s i b l e  t o  u s e  a l l e l e  f r e q u e n c y  d a t a  t o  t e s t  i f  s m a l l  n u m b e r s  o f  f a m i l i e s  a r e  s a m p l e d  p e r  
s i t e .  D e t e c t i o n  o f  ' i s o l a t i o n  b y  d i s t a n c e '  ( l E D ) ;  c o r r e l a t i o n  o f  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  
s i t e s  a n d  g e o g r a p h i c a l  s i t e  d i s t a n c e  a p a r t ,  w o u l d  a l l o w  t h e  p o s s i b i l i t y  o f  s a m p l i n g  s m a l l  
n u m b e r s  o f  f a m i l i e s  t o  b e  r u l e d  o u t .  T h e r e  i s  n o  e x p e c t a t i o n  o f  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  p a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  s i t e s  i f  s m a l l  n u m b e r s  o f  f a m i l i e s  
w e r e  s a m p l e d .  I n  r e s i d e n t  p o p u l a t i o n s  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  m a y  i n c r e a s e  o v e r  
t i m e  d u e  t o  d r i f t .  I s o l a t i o n  b y  d i s t a n c e  c a n  o c c u r  a s  a  g e n e  n o w  i s  r e d u c e d  w i t h  i n c r e a s i n g  
s i t e  d i s t a n c e  a p a r t .  H o w e v e r ,  t h e s e  e x p e c t a t i o n s  a r e  n o t  n e c e s s a r i l y  m e t  i n  m i g r a t o r y  s p e c i e s  
s u c h  a s  S .  s a f a r .  
I t  i s  n o t  e x p e c t e d  t h a t  a l l e l e  f r e q u e n c y  d i f f e r e n c e s  c a u s e d  b y  a  s m a l l  n u m b e r  o f  a d u l t s  p e r  s i t e  
o r  f r o m  s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  s i t e  t o  b e  s t a b l e  o v e r  t i m e .  I n  t h i s  s t u d y ,  w e  
d e v i s e d  a  t e s t  o f  t e m p o r a l  a l l e l e  c o r r e l a t i o n .  I f  t h e  o b s e r v e d  s p a t i a l  s t r u c t u r e  i s  s t a b l e  o v e r  
c o n s e c u t i v e  y e a r s  t h e n  s i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  c a n  b e  a t t r i b u t e d  t o  n o n - r a n d o m  
r e t u r n  o f  a d u l t s  a n d  n o t  t o  s a m p l i n g  e f f e c t s .  
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2 . 6  G e n e t i c  m a r k e r s  
G e n e t i c  m a r k e r s  k n o w n  a s  m i c r o s a t e l l i t e s  h a v e  b e c o m e  t h e  m a r k e r  o f  c h o i c e  f o r  e s t i m a t i o n  
o f  g e n e t i c  v a r i a b i l i t y  a n d  p o p u l a t i o n  s t r u c t u r e .  M i c r o s a t e l l i t e s  a r e  r e g i o n s  o f  D N A  w h e r e  a  
s h o r t  s e q u e n c e  i s  s e q u e n t i a l l y  r e p e a t e d  a n d  c a n  b e  d e f i n e d  b y  r e p e a t  l e n g t h  a n d  n u m b e r  o f  
r e p e a t s .  R e p e a t  u n i t s  a r e  g e n e r a l l y  b e t w e e n  o n e  a n d  f i v e  b a s e  p a i r s  ( l a m e  a n d  L a g o d a  1 9 9 6 ) .  
M i c r o s a t e l l i t e s  a r e  c l a s s i f i e d  i n t o  d i n u c l e o t i d e s  ( e g  A T A T A T ) ,  t r i n u c l e o t i d e s  
( e g  G T C G T C G T C )  a n d  t e t r a n u c l e o t i d e s  ( e g  C T C A C T C A C T C A ) .  M a n y  m i c r o s a t e l l i t e s  a r e  
p u r e  r e p e a t s ,  h o w e v e r ,  c o m p o u n d  ( ( e g  ( C A ) n ( C T C A ) n ) )  a n d  i n t e r r u p t e d  r e p e a t s  ( e g  
( T C ) I O N n ( T C ) 3 )  h a v e  a l s o  b e e n  i s o l a t e d .  M i c r o s a t e l l i t e s  a r e  v a r i a b l e ,  c o - d o m i n a n t  a n d  h a v e  
r e l a t i v e l y  l a r g e  n u m b e r s  o f  a l l e l e s  p e r  l o c u s .  M i c r o s a t e l l i t e  s i z e  m a y  b e  u n d e r  s e l e c t i o n  
h o w e v e r  i t  i s  g e n e r a l l y  a s s u m e d  t h a t  m i c r o s a t e l l i t e s  a r e  n o t  u n d e r  s e l e c t i o n  p r e s s u r e  
( ' n e u t r a l ' ) .  M i c r o s a t e l l i t e  l o c i  a r e  g e n e r a l l y  p o l y m o r p h i c  i n  n a t u r a l  p o p u l a t i o n s ,  h o w e v e r  
c o m p o u n d  a n d  i n t e r r u p t e d  l o c i  t e n d  t o  b e  l e s s  p o l y m o r p h i c ,  p o s s i b l y  d u e  t o  r e d u c e d  s l i p p a g e  
d u r i n g  r e p l i c a t i o n .  N u l l  a l l e l e s  a r e  c a u s e d  b y  m u t a t i o n s  i n  p r i m e r  a n n e a l i n g  s e q u e n c e  a n d  c a n  
b e  d e t e c t e d  b y  t e s t i n g  a g a i n s t  e x p e c t e d  f r e q u e n c i e s  u n d e r  H a r d y  W e i n b e r g  e q u i l i b r i u m ,  
p r o v i d e d  t h a t  h e t e r o z y g o t e  d e f i c i e n c i e s  h a v e  n o  o t h e r  o r i g i n  ( l a m e  a n d  L a g o d a  1 9 9 6 ) .  
N o  p r i o r  s e q u e n c e  k n o w l e d g e  i s  r e q u i r e d  t o  d e v e l o p  o r  u t i l i s e  m i c r o s a t e l l i t e s  t h e r e f o r e  t h e y  
a r e  u s e f u l  i n  s p e c i e s  o f  c o n s e r v a t i o n  i n t e r e s t  w h e r e  l i m i t e d  k n o w l e d g e  o f  t h e  g e n e t i c s .  
M i c r o s a t e l l i t e s  d e v e l o p e d  i n  o n e  s p e c i e s  c a n  b e  u s e d  t o  i n v e s t i g a t e  g e n e t i c  v a r i a b i l i t y  i n  
r e l a t e d  s p e c i e s ,  h o w e v e r ,  m u t a t i o n  i n  t h e  p r i m e r  b i n d i n g  s i t e  m a y  c a u s e  f a i l u r e  o f  s o m e  c r o s s ­
s p e c i e s  a m p l i f i c a t i o n  ( C h a m b e r s  a n d  M a c A v o y  2 0 0 0 ) .  H i g h e r  p o l y m o r p h i s m  a n d  l a r g e r  
a l l e l e s  a r e  g e n e r a l l y  f o u n d  i n  t h e  s p e c i e s  i n  w h i c h  t h e  p r i m e r s  w e r e  c h a r a c t e r i s e d .  C r o s s  
s p e c i e s  a m p l i f i c a t i o n  m a y  b e  p r o b l e m a t i c  i f  a  c h r o m o s o m a l  r e p l i c a t i o n  h a s  o c c u r r e d ,  f o r  
e x a m p l e ,  ( M c C o n n e l l  e t  a l .  1 9 9 5 b )  r e p o r t e d  t h a t  a  m i c r o s a t e l l i t e ,  c l o n e d  f r o m  S .  s a f a r ,  
a p p e a r e d  t o  b e  t e t r a p l o i d  i n  S .  t n t t t a  h a v i n g  t h r e e  t o  f o u r  a l l e l e s  p e r  i n d i v i d u a l .  
M u t a t i o n  m a y  o c c u r  b y  s l i p p e d  s t r a n d  m i s - p a i r i n g  o r  r e c o m b i n a t i o n  d u r i n g  r e p l i c a t i o n ,  
r e s u l t i n g  i n  t h e  l o s s  o r  g a i n  o f  o n e  o r  m o r e  r e p e a t  u n i t s  ( C h a m b e r s  a n d  M a c A v o y  2 0 0 0 ) .  
R e p e a t s  a r e  a d d e d  w h e n  t h e  n e w l y  s y n t h e s i s e d  D N A  c h a i n  l o o p s  o u t ;  
I  I  
T A  
A  T  
T  A  
N e w l y  s y n t h e s i s e d  c h a i n  
A T A T A T A  T A T A T A T  
T e m p l a t e  
T A T A T A T A T A T A T A T A  
•
D i r e c t i o n  o f  s y n t h e s i s  
R e p e a t  u n i t s  a r e  r e m o v e d  i f  t h e  t e m p l a t e  l o o p s  o u t ;  
N e w l y  s y n t h e s i s e d  c h a i n  
A T A T A T A T A T A T A T A T A T A T A  
T e m p l a t e  
A T A T A T A  A T A T A T A T A T A  
T T  
A A  
A T  
• 

D i r e c t i o n  o f  s y n t h e s i s  
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S e v e r a l  m u t a t i o n  m o d e l s  h a v e  b e e n  p r o p o s e d  a n d  h a v e  b e e n  t e s t e d  w i t h  o b s e r v e d  a n d  
s i m u l a t e d  d a t a  t o  e x p l a i n  o b s e r v e d  a n d  s i m u l a t e d  a l l e l e  f r e q u e n c i e s .  T h e  S t e p w i s e  M u t a t i o n  
M o d e l  ( S M M )  a s s u m e s  t h a t  m u t a t i o n  w i l l  a d d  o r  r e m o v e  a  s i n g l e  u n i t  t o  o r  f r o m  t h e  e x i s t i n g  
a l l e l e  w i t h  e q u a l  p r o b a b i l i t y .  T h e  I n f i n i t e  a l l e l e  m o d e l  ( l A M )  a s s u m e s  e a c h  m u t a t i o n  c r e a t e s  
a  n e w  a l l e l e .  T h e  K - a l l e l e  m o d e l  a s s u m e s  t h a t  K  a l l e l i c  s t a t e s  a r e  p o s s i b l e ,  m u t a t i o n  a t  a  
g i v e n  a l l e l e  o c c u r s  w i t h  t h e  p r o b a b i l i t y  u / k - l  t o  a  p a r t i c u l a r  a l l e l e .  D e b a t e  c o n t i n u e s  o v e r  
w h i c h  m o d e l  b e s t  d e s c r i b e s  o b s e r v e d  d a t a ,  a n d  a  n u m b e r  o f  d i f f e r e n t  s t a t i s t i c a l  m e t h o d s  h a v e  
b e e n  d e v e l o p e d  t o  i n c o r p o r a t e  t h e s e .  
P o i n t  m u t a t i o n s  c a n  o c c u r  i n  m i c r o s a t e l l i t e s  p r o d u c i n g  i m p e r f e c t  r e p e a t s  w h i c h  a r e  l e s s  
v a r i a b l e  t h a n  p e r f e c t  r e p e a t s ,  p o s s i b l y  d u e  t o  r e d u c e d  s l i p p a g e  m u t a t i o n  r a t e .  I t  i s  p o s s i b l e  
t h a t  t h e  l o n g e s t  s t r e t c h  o f  u n i n t e r r u p t e d  r e p e a t  u n i t s  h a s  t h e  s t r o n g e s t  e f f e c t  o n  s l i p p a g e  
m u t a t i o n  r a t e  ( A n o n  2 0 0 0 ) .  A s  m u t a t i o n s  a d d  a n d  r e m o v e  u n i t s  f r o m  a  m i c r o s a t e l l i t e  a  s e r i e s  
o f  a l l e l e  s i z e s  d e v e l o p s .  T h e  n u m b e r  o f  a l l e l e s  i n  a  p o p u l a t i o n  a r e  c o n t r o l l e d  b y  m u t a t i o n ,  
m i g r a t i o n  a n d  d r i f t .  M i c r o s a t e l l i t e s  a p p e a r  t o  h a v e  a n  u p p e r  s i z e  l i m i t  a n d  r a r e l y  e x c e e d  a  f e w  
t e n s  o f  t i m e s  t h e  r e p e a t  u n i t ;  i t  i s  p o s s i b l e  t h a t  l o s s  o f  r e p e a t s  i s  m o r e  c o m m o n  w i t h  l a r g e  
a l l e l e s  o r  i n v o l v e s  l a r g e r  d e l e t i o n s  w i t h  l e s s  e f f i c i e n t  r e p a i r .  
T h e  m u t a t i o n  r a t e  o f  a  m i c r o s a t e l l i t e  l o c u s  c a n  b e  e s t i m a t e d  f r o m  d i r e c t  c o u n t i n g  o f  m u t a t i o n s  
f r o m  p e d i g r e e s  o r  i n d i r e c t  e s t i m a t i o n  f r o m  l i n k a g e  d a t a  a n d  b y  c o m p a r i n g  o b s e r v e d  a n d  
t h e o r e t i c a l  v a l u e s .  R a t e s  o f  m u t a t i o n  d i f f e r  b e t w e e n  s p e c i e s  b u t  v a l u e s  b e t w e e n  1 0 -
5  
t o  1 0 -
2  
m u t a t i o n s  p e r  m e i o s i s  h a v e  b e e n  o b s e r v e d  ( A n o n  2 0 0 0 ) .  
M i c r o s a t e l l i t e s  h a v e  c o m p l e x  s t r u c t u r e s  a n d  c o m p l e x  h i s t o r i e s ,  t h e r e f o r e  i t  i s  p o s s i b l e  t h a t  
a l l e l e s  o f  i d e n t i c a l  s i z e  h a v e  r e s u l t e d  f r o m  d i f f e r e n t  l i n e a g e s .  S i z e  h o m o p l a s y  a t  
m i c r o s a t e l l i t e  l o c i  w a s  a n a l y s e d  b y  V i a r d  e t  a l .  ( 1 9 9 8 )  i n  f i v e  i n t e r r u p t e d  a n d / o r  c o m p o u n d  
r e p e a t s  i n  A p i s  m e l l i f e r a  ( h o n e y  b e e ) ,  R o m b u s  t e r r e s t r i s  ( b u m b l e  b e e )  a n d  R u l i n a s  t r u n c a t u s  
( f r e s h w a t e r  s n a i l ) .  F i f t e e n  d i f f e r e n t  s i z e d  f r a g m e n t s  w e r e  c o m p o s e d  o f  3 1  d i f f e r e n t  
s e q u e n c e s ,  w i t h  b e t w e e n  o n e  t o  s e v e n  d i f f e r e n t  s e q u e n c e s  p e r  s a m e - s i z e d  p r o d u c t .  S i z e  
h o m o p l a s y  w a s  d e t e c t e d  m a i n l y  b e t w e e n  p o p u l a t i o n s .  I f  s i m i l a r l y  l a r g e  n u m b e r s  o f  a l l e l e s  a r e  
h i d d e n  i n  a n a l y s e s  o f  s a l m o n i d  p o p u l a t i o n s  t h e n  t h e r e  c o u l d  b e  s e r i o u s  i m p l i c a t i o n s  f o r  
e s t i m a t i o n s  o f  g e n e t i c  v a r i a t i o n  a n d  p o p u l a t i o n  s t r u c t u r e .  
P o p u l a t i o n s  a r e  s c r e e n e d  f o r  g e n e t i c  v a r i a t i o n  u s i n g  p r i m e r s ,  s h o r t  ( e . g .  2 0  b p )  s e c t i o n s  o f  
D N A  w h i c h  d e s i g n e d  t o  b e  c o m p l e m e n t a r y  t o  a  r e g i o n  u p s t r e a m  a n d  a  r e g i o n  d o w n s t r e a m  o f  
t h e  m i c r o s a t e l l i t e .  T h e  s e l e c t e d  m i c r o s a t e l l i t e  r e g i o n  i s  a m p l i f i e d  u s i n g  t h e  p o l y m e r a s e  c h a i n  
r e a c t i o n  ( p e R ) .  D i f f e r e n t  s i z e d  a l l e l e s  c a n  b e  r e a d i l y  s e p a r a t e d  o n  p o l y a c r y l a m i d e  g e l s  a n d  
v i s u a l i s e d  u s i n g  s i l v e r  s t a i n i n g .  
2 . 7  S t a t i s t i c a l  t e s t s  
2 . 7 . 1  D e g r e e  o f  n o n - r a n d o m  m a t i n g  
D i f f e r e n c e s  i n  o b s e r v e d  a l l e l e  f r e q u e n c y  c a n  b e  u s e d  t o  c h a r a c t e r i s e  p o p u l a t i o n  s t r u c t u r e .  T h e  
d e v i a t i o n  o f  a l l e l e  f r e q u e n c i e s  f r o m  e x p e c t e d ,  g i v e n  r a n d o m  m a t i n g ,  c a n  b e  e s t i m a t e d  u s i n g  F  
s t a t i s t i c s  ( W r i g h t  1 9 5 1 ) .  W r i g h t  d e f i n e d  t h e  c o r r e l a t i o n  b e t w e e n  t h e  p r e s e n c e  o r  a b s e n c e  o f  
a n  a l l e l e  i n  u n i t i n g  g a m e t e s  ( c o r r e l a t i o n  c o e f f i c i e n t )  a n d  d e f i n e d  a  s e t  o f  c o r r e l a t i o n s  f o r  
s u b d i v i d e d  p o p u l a t i o n s .  F o r  a  p o p u l a t i o n  d i v i d e d  i n t o  a  s e r i e s  o f  s u b p o p u l a t i o n s ,  t h r e e  
q u a n t i t i e s  w e r e  d e f i n e d :  F , s  - t h e  c o r r e l a t i o n  b e t w e e n  u n i t i n g  g a m e t e s  w i t h i n  a  s u b p o p u l a t i o n  
c o m p a r e d  w i t h  t h e  c o r r e l a t i o n  b e t w e e n  g a m e t e s  s e l e c t e d  r a n d o m l y  f r o m  w i t h i n  t h a t  
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s u b p o p u l a t i o n ;  F I T  - t h e  c o r r e l a t i o n  b e t w e e n  u n i t i n g  g a m e t e s  i n  t h e  w h o l e  p o p u l a t i o n  
c o m p a r e d  w i t h  t h e  c o r r e l a t i o n  b e t w e e n  g a m e t e s  s e l e c t e d  r a n d o m l y  f r o m  t h e  w h o l e  
p o p u l a t i o n ;  a n d  F
S T  
- t h e  c o r r e l a t i o n  b e t w e e n  g a m e t e s  s e l e c t e d  r a n d o m l y  w i t h i n  
s u b p o p u l a t i o n s  c o m p a r e d  w i t h  t h e  c o r r e l a t i o n  b e t w e e n  g a m e t e s  s e l e c t e d  r a n d o m l y  f r o m  t h e  
w h o l e  p o p u l a t i o n .  T h e s e  c o r r e l a t i o n s  a r e  r e l a t e d  b y  t h e  f o r m u l a  ( 1 - F
I T
)  =  ( 1 - F
I s
)  X  ( 1 - F
S T
) .  F I T  
m e a s u r e s  t h e  e x t e n t  o f  n o n - r a n d o m  m a t i n g  w i t h  t h e  w h o l e  p o p u l a t i o n ,  F
i s  
m e a s u r e s  t h e  
e x t e n t  o f  n o n - r a n d o m  m a t i n g  w i t h i n  s u b p o p u l a t i o n s  a n d  F
S T  
t h e  e x t e n t  t o  w h i c h  a l l e l e s  o c c u r  
i n  t h e  s a m e  s u b p o p u l a t i o n .  
2 . 7 . 2  C o a n c e s t r y  
e i s  a  p a r a m e t e r  c a l l e d  c o a n c e s t r y ,  t h e  c o r r e l a t i o n  b e t w e e n  a l l e l e s  i n  d i f f e r e n t  i n d i v i d u a l s  
w i t h i n  a  s u b p o p u l a t i o n .  e i s  a k i n  t o  a n  i n t r a - c l a s s  c o r r e l a t i o n  c o e t I i c i e n t .  C o c k e r h a m  ( 1 9 6 9 ,  
1 9 7 3 )  d i s c u s s e d  t h e  p r o p e r t i e s  o f  t h i s  p a r a m e t e r  a n d  i t s  r e l a t i o n s h i p  t o  W r i g h t ' s  F
S T
.  T h e  
i m p o r t a n t  d i f f e r e n c e  i s  t h a t  F
S T  
( a n d  t h e  o t h e r  F - s t a t i s t i c s )  c o n s i d e r  a l l e l e s  i n  g a m e t e s ,  
w h e r e a s  e i s  c o n c e r n e d  w i t h  a l l e l e s  w i t h i n  i n d i v i d u a l s .  I n  o t h e r  w o r d s ,  f o r  i n d i v i d u a l s  A  a n d  
B ,  F - s t a t i s t i c s  a r e  c o n c e r n e d  w i t h  t h e  c o r r e l a t i o n  b e t w e e n  a l l e l e s  i n  a  r a n d o m l y  s e l e c t e d  
g a m e t e  p r o d u c e d  b y  A  a n d  a  r a n d o m l y  s e l e c t e d  g a m e t e  p r o d u c e d  b y  B .  I n  t h e  c o a n c e s t r y  
a p p r o a c h ,  t h e  c o r r e l a t i o n s  a r e  b e t w e e n  a  r a n d o m l y  s e l e c t e d  a l l e l e  f r o m  A  a n d  a  r a n d o m l y  
s e l e c t e d  a l l e l e  f r o m  B .  I f  m e i o s i s  i s  r e g u l a r ,  t h e  c o r r e l a t i o n s  a r e  i d e n t i c a l .  D i f f e r e n c e s  
b e t w e e n  F
S T  
a n d  e c a n  a r i s e  u n d e r  p a r t i c u l a r  s y s t e m s  o f  m a t i n g  i n  g r o u p s  o f  i n d i v i d u a l s  
( C o c k e r h a m ,  1 9 7 3 ) ,  b u t  e s t i m a t e s  o f  e  c a n  b e  c o n s i d e r e d  e s t i m a t e s  o f  F
S T  
( W e i r  &  
C o c k e r h a m ,  1 9 8 4 ) .  
2 . 7 . 3  E s t i m a t i n g  F
S T  
T h e  m o s t  c o m m o n l y  u s e d  m e t h o d  o f  e s t i m a t i n g  F S T  i s  t h a t  o f  W e i r  &  C o c k e r h a m  ( 1 9 8 4 ) .  
T h e y  a c t u a l l y  d e r i v e  a n  e s t i m a t o r ,  ( j ,  o f  e ,  b u t  t h e y  c o n s i d e r  t h a t  t h e i r  f o r m u l a  a l s o  s e r v e s  a s  
a n  e s t i m a t o r  o f  F
S T  
( i t  s h o u l d  b e  n o t e d  t h a t  ( j ,  n o t  e i t s e l f ,  i s  t h e  e s t i m a t o r  o f  F
S T
) .  W e i r  &  
C o c k e r h a m  u s e  t h i s  p a r t i c u l a r  n o t a t i o n ,  b e c a u s e  t h e y  c o n s i d e r  e  t o  b e  a  p a r a m e t e r  
u n a m b i g u o u s l y ,  w h e r e a s  F
S T  
h a s  b e e n  d e f i n e d  b o t h  a s  a  p a r a m e t e r  a n d  i t s  e s t i m a t o r .  
W e i r  a n d  C o c k e r h a m  ( 1 9 8 4 )  u s e d  a n  a n a l y s i s  o f  v a r i a n c e  a p p r o a c h  t o  d e r i v e  a n  e x p r e s s i o n  
f o r  ( j .  C o n s i d e r  a  s i n g l e  l o c u s  w i t h  t w o  a l l e l e s  A  a n d  a  w i t h  o v e r a l l  f r e q u e n c i e s  p  a n d  ( 1 - p )  
r e s p e c t i v e l y .  A r b i t r a r i l y  a s s i g n  v a l u e s  o f  X = 1  f o r  A  a n d  X = O  f o r  a .  I f  X
i j k  
d e n o t e s  t h e  v a l u e  
( 0  o r  1 )  f o r  t h e  i t h  a l l e l e  i n  t h e  j t h  i n d i v i d u a l  i n  t h e  k t h  p o p u l a t i o n ,  t h e n  t h e  t o t a l  v a r i a n c e  o f  
X  c a n  b e  p a r t i t i o n e d  a s  f o l l o w s :  
X
i j k  
=  P +  a k  +  b j k  +  W  i j k  
w h e r e  a k  r e p r e s e n t s  t h e  d i f f e r e n c e  ( f r o m  o v e r a l l  p )  i n  t h e  f r e q u e n c y  o f  A  i n  p o p u l a t i o n  k  
( w i t h  v a r i a n c e  o f  t h e  s e t  o f  a k  e q u a l  t o  ( J ' ; ) ,  t h e  b
j k  
d e n o t e  d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l s  
w i t h i n  p o p u l a t i o n s  ( v a r i a n c e  ( J ' ; ) ,  a n d  t h e  W i j k  r e p r e s e n t  d i f f e r e n c e s  b e t w e e n  a l l e l e s  w i t h i n  
i n d i v i d u a l s  ( v a r i a n c e  ( J '  , : ) .  T h e  t o t a l  v a r i a n c e  o f  X  =  p ( 1 - p )  = ( J ' i  =  ( J ' ;  + ( J ' ;  + ( J ' , : .  L e t  8 ; , 8 ;  
a n d  8 , :  ( w i t h  8 i  = 8 ' ;  + 8 ;  + 8 : )  d e n o t e  t h e  a n a l y s i s  o f  v a r i a n c e  s a m p l e  e s t i m a t e s  o f  t h e  
v a r i a n c e  c o m p o n e n t s .  
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T h e  e x p e c t e d  v a l u e  o f  8 ;  e q u a l s  p ( 1 - p ) 8 ;  s o  e ( a n d  h e n c e  F
S T
)  c a n  b e  e s t i m a t e d  b y  
8 = 8 ;  1 8 i  
w h i c h  i s  a n  e s t i m a t o r  o f  t h e  p r o p o r t i o n  o f  t h e  t o t a l  v a r i a n c e  t h a t  i s  d u e  t o  d i f f e r e n c e s  i n  t h e  
m e a n  a l l e l e  f r e q u e n c y  a m o n g  p o p u l a t i o n s .  
W e i r  &  C o c k e r h a m  t a k e  t h e  a b o v e  e q u a t i o n  a n d  m o d i f y  i t  s o  t h a t  t h e  e s t i m a t e s  o f  t h e  
v a r i a n c e  c o m p o n e n t s  a r e  c o r r e c t e d  f o r  t h e  ( p o t e n t i a l l y )  s m a l l  n u m b e r  o f  s u b p o p u l a t i o n s  
s a m p l e d  a n d  t h e  ( p o t e n t i a l l y )  s m a l l  a n d  u n e q u a l  n u m b e r  o f  i n d i v i d u a l s  s a m p l e d  w i t h i n  e a c h  
s u b p o p u l a t i o n .  
T h e r e  a r e  d i f f e r e n t  w a y s  o f  t r e a t i n g  l o c i  w i t h  m o r e  t h a n  t w o  a l l e l e s  a n d  f o r  c o m b i n i n g  d a t a  
f r o m  s e v e r a l  l o c i .  W e i r  &  C o c k e r h a m ' s  ( 1 9 8 4 )  s u g g e s t e d  a p p r o a c h ,  w h i c h  i s  w i d e l y  u s e d ,  i s  
t o  c a l c u l a t e  t h e  o v e r a l l  8  a s  
8 = L , L , 8 ; e
r s
) I L , L , 8 0 e r s )  
r s  r s  
w h i c h  i s  e f f e c t i v e l y  a n  a v e r a g e  o f  t h e  i n d i v i d u a l  e~ v a l u e s  ( 8
e r s
)  = 8 ; e
r s
) I 8 0
e
r s )  f o r  e a c h  a l l e l e  
s  o f  e a c h  l o c u s  r ,  w e i g h t e d  b y  r e s p e c t i v e  t o t a l  v a r i a n c e s  ( 8 0 r s ) '  T h e  s i m p l e ,  u n c o r r e c t e d  
e
f o r m  o f  t h e  e q u a t i o n  f o r  e i s  u s e d  f o r  c l a r i t y .  A  d i f f e r e n t  a p p r o a c h  t o  m u l t i p l e  a l l e l e s  a n d  l o c i  
h a s  b e e n  p r o p o s e d  b y  L o n g  ( 1 9 8 6 ) ,  b u t  m o s t  s t a n d a r d  p o p u l a t i o n  g e n e t i c s  c o m p u t e r  
p r o g r a m s  ( e . g .  G o u d e t ,  1 9 9 5 ;  R a y m o n d  &  R o u s s e t ,  1 9 9 5 )  u s e  W e i r  &  C o c k e r h a m ' s  f o r m u l a  
f o r  e  t o  c a l c u l a t e  F
S T  
e s t i m a t e s  f r o m  d a t a  f r o m  m u l t i p l e  l o c i  a n d  a l l e l e s .  
2 . 7 . 4  T e s t i n g  s i g n i f i c a n c e  
A  
S e v e r a l  m e t h o d s  h a v e  b e e n  p r o p o s e d  f o r  t e s t i n g  t h e  s i g n i f i c a n c e  o f  e  W e i r  &  C o c k e r h a m•  
( 1 9 8 4 )  s u g g e s t e d  b o o t s t r a p p i n g  o v e r  l o c i  w h e n  d a t a  a r e  f r o m  m u l t i p l e  l o c i ,  a n d  j a c k k n i f i n g  
o v e r  p o p u l a t i o n s  f o r  s i n g l e  o r  s m a l l  n u m b e r s  o f  l o c i .  T h e  b o o t s t r a p  a p p r o a c h  h a s  b e e n  
c r i t i c i s e d  b y  R a y m o n d  &  R o u s s e t  ( 1 9 9 5 a )  a n d  V a n  D o n g e n  ( 1 9 9 5 )  l a r g e l y  b e c a u s e  m o s t  d a t a  
s e t s  h a v e  i n s u f f i c i e n t  i n d e p e n d e n t  ( i . e .  u n l i n k e d )  l o c i .  V a n  D o n g e n  ( 1 9 9 5 )  s u g g e s t e d  t h a t  
m o r e  t h a n  2 0  i n d e p e n d e n t  l o c i  a r e  n e c e s s a r y  i n  o r d e r  t h a t  t h e  b o o t s t r a p  d i s t r i b u t i o n  i s  m o r e ­
o r - l e s s  c o n t i n u o u s  a n d  d o e s  n o t  e x h i b i t  ' p e c u l i a r '  p r o p e r t i e s  b e c a u s e  o f  t h e  l i m i t e d  n u m b e r  o f  
p o s s i b l e  v a l u e s  t h e  r e - s a m p l e d  e s t i m a t e  c a n  t a k e .  
A n  a l t e r n a t i v e  t o  b o o t s t r a p p i n g  i s  a  o n e - s i d e d  r a n d o m i s a t i o n  t e s t .  H e r e  a l l e l e s  a r e  r a n d o m l y  
A  
a l l o c a t e d  a m o n g  s u b p o p u l a t i o n s ,  p r e s e r v i n g  t h e  o r i g i n a l  s a m p l e  s i z e s ,  a n d  e  i s  c a l c u l a t e d  
f r o m  t h e  r a n d o m i s e d  d a t a .  M u l t i p l e  i t e r a t i o n s  ( s a y  1 0 ( 0 0 )  o f  t h i s  p r o c e d u r e  g e n e r a t e s  t h e  
d i s t r i b u t i o n  u n d e r  t h e  n u l l  h y p o t h e s i s  t h a t  e = O .  I f  t h e  o b s e r v e d  e
A  
i s  g r e a t e r  t h a n  95~ o f  t h e  
e  v a l u e s  g e n e r a t e d  f r o m  r a n d o m i s e d  d a t a ,  t h e  n u l l  h y p o t h e s i s  ( e  =  0 )  i s  r e j e c t e d .  I f  t h e  
e s t i m a t e  o f  F /
s  
i s  s i g n i f i c a n t ,  a l l e l e s  w i t h i n  i n d i v i d u a l s  a r e  n o t  i n d e p e n d e n t  a n d  t h e  c o r r e c t  
u n i t s  o f  p e r m u t a t i o n  a r e  g e n o t y p e s  ( G o u d e t ,  1 9 9 5 ) .  T h e  t e s t i n g  o f  e
A  
i s  d i s c u s s e d  i n  d e t a i l  b y  
R a y m o n d  &  R o u s s e t  ( 1 9 9 5 b )  a n d  G a u d e t  e t  a l .  ( 1 9 9 6 ) .  
1 4 
  
2 . 7 . 5  T e s t i n g  s i g n i f i c a n c e  o f  m u l t i p l e  c o m p a r i s o n s  
R i c e  ( 1 9 8 9 )  s t a t e d  t h a t  ' w h e n  a  g r o u p  o f  t w o  o r  m o r e  t e s t s  a r e  s c a n n e d  a n d  P  v a l u e s  o f  t h e  
c o m p o n e n t  t e s t s  a r e  u s e d  t o  d e t e r m i n e  w h e r e  s i g n i f i c a n c e  o c c u r ,  i f  n o  a d j u s t m e n t  i s  m a d e  
t h e n  t h e  p r o b a b i l i t y  o f  a  t y p e  I  e r r o r  i n c r e a s e s  m o n o t o n i c a l l y  w i t h  i n c r e a s i n g  n u m b e r  o f  
t e s t s ' .  I n  1 0 0  t e s t s ,  w h e n  t h e  n u l l  h y p o t h e s i s  i s  t r u e ,  t h e n  5  s i g n i f i c a n t  t e s t s  w i l l  b e  0  b t a i n e d  a t  
t h e  5 %  l e v e l .  W h e n  a  l a r g e  n u m b e r  o f  t e s t s  a r e  p e r f o r m e d  t h e  B o n f e r r o n i  c o r r e c t i o n  s h o u l d  
b e  a p p l i e d .  T h e  n o m i n a l  l e v e l  ( e . g .  5  % )  i s  d i v i d e d  b y  t h e  n u m b e r  o f  t e s t s  t o  g i v e  t h e  a d j u s t e d  
n o m i n a l  l e v e l  w h i c h  i s  i n d i c a t i v e  o n l y  a s  s o m e  t e s t s  m a y  n o t  b e  p o s s i b l e .  T h i s  m e t h o d  o f  
c o r r e c t i o n  i s  v e r y  c o n s e r v a t i v e .  
2 . 7 . 6  T e m p o r a l  s t a b i l i t y  o f  t h e  o b s e r v e d  p a t t e r n  o f  s p a t i a l  d i f f e r e n t i a t i o n  
A  t e s t  w a s  d e v i s e d  ( b y  R . T .  C l a r k ,  C E H  D o r s e t ) ,  t o  a s s e s s  t e m p o r a l  s t a b i l i t y  o f  a l l e l e  
f r e q u e n c y  b y  d e t e r m i n i n g  i f  t h e  a v e r a g e  F
S T  
b e t w e e n  y e a r s  a t  t h e  s a m e  s i t e  w a s  l o w e r  t h a n  
t h e  a v e r a g e  F
S T  
b e t w e e n  y e a r s  a t  d i t I e r e n t  s i t e s .  F
S T  
w i t h i n  s i t e s  b e t w e e n  y e a r s  ( F S T W )  a n d  
F
S T  
b e t w e e n  s i t e s  b e t w e e n  y e a r s  ( F S T B )  w a s  c a l c u l a t e d  a n d  p a i r w i s e  F
S T  
v a l u e s  w e r e  r a n k e d .  
Q I ,  t h e  m e a n  r a n k  o f  p a i r w i s e  F S T W ,  a n d  Q z ,  t h e  m e a n  r a n k  o f  p a i r w i s e  F S T B ,  w e r e  c a l c u l a t e d .  
T h e  t e s t  s t a t i s t i c  Q  i s  g i v e n  b y  
Q =  Q
1  
- Q
2 
  
( n x n / 2 ) 
  
T h e  s i g n i f i c a n c e  o f  t h e  t e s t  r e s u l t  w a s  o b t a i n e d  b y  a  M a n t e l  t y p e  r a n d o m i s a t i o n  t e s t .  I f  r e t u r n  
o f  a d u l t s  i s  n o n - r a n d o m  t h e n  a  h i g h e r  t e m p o r a l  c o r r e l a t i o n  o f  a l l e l e s  a t  t h e  s a m e  s i t e  i s  
e x p e c t e d ,  Q I  w i l l  b e  l e s s  t h a n  Q z  t h e r e f o r e  Q  i s  n e g a t i v e .  
2 . 7 . 7  A l l e l i c  r i c h n e s s  
T h e  o b s e r v e d  n u m b e r  o f  a l l e l e s  i n  a  s a m p l e  i s  h i g h l y  d e p e n d e n t  o n  s a m p l e  s i z e ,  t h e r e f o r e  a  
m e a s u r e  o f  a l l e l i c  ' r i c h n e s s '  c a n  b e  c a l c u l a t e d  ( E l  M o u s a d i k  a n d  P e t i t  1 9 9 6 ) .  T h e  e x p e c t e d  
n u m b e r  o f  a l l e l e s  i n  a  s u b - s a m p l e  o f  2 n  g e n e s  i s  e s t i m a t e d ,  g i v e n  t h a t  2 N  g e n e s  h a v e  b e e n  
s a m p l e d  ( N  ~ n ) .  
A l l e l i c  r i c h n e s s ,  R s ,  
R s  _  ~n [  ( 2 N - N i  
l
]
- £ . . J .  1-~ 
I - I  ( 2 N )
2 n  
w h e r e  N i  i s  t h e  n u m b e r  o f  a l l e l e s  o f  t y p e  i  a m o n g  t h e  2 N  g e n e s .  E a c h  t e r m  u n d e r  t h e  s u m  
c o r r e s p o n d s  t o  t h e  p r o b a b i l i t y  o f  s a m p l i n g  a l l e l e  i  a t  l e a s t  o n c e  i n  a  s a m p l e  o f  s i z e  2 n .  I f  
a l l e l e  i  i s  s o  c o m m o n  t h a t  w e  a r e  c e r t a i n  t o  s a m p l e  i t  - w h e n  2 n  >  ( 2 N - N i ) - t h e  r a t i o  i s  
u n d e f i n e d  b u t  t h e  p r o b a b i l i t y  o f  s a m p l i n g  t h e  a l l e l e  i s  s e t  t o  1 .  T h e  p r o g r a m m e  F S T A T  v 2 . 9 . 3 .  
( G a u d e t  2 0 0  1 )  u s e s  t h e  a b o v e  f o r m u l a  f o r  R s ;  o v e r  a l l  s a m p l e s ,  t h e  s a m e  s u b - s a m p l e  s i z e  n  i s  
k e p t ,  b u t  N  i s  a l t e r e d  t o  t h e  o v e r a l l  s a m p l e s  n u m b e r  o f  i n d i v i d u a l s  g e n a t y p e d  a t  t h e  l o c u s .  
A l l e l i c  r i c h n e s s ,  s t a n d a r d i s e d  p e r  i n d i v i d u a l ,  c a n  b e  u s e d  t o  c o m p a r e  g e n e t i c  v a r i a b i l i t y  
b e t w e e n  s i t e s  a n d  a l s o  b e t w e e n  s t u d i e s .  
1 5  
2 . 7 . 8  A s s i g n m e n t  o f  1  +  p a r r  
1  +  p a r r  w e r e  a s s i g n e d  t o  t h e  r e f e r e n c e  p o p u l a t i o n  u s i n g  a  l i k e l i h o o d  f r e q u e n c y - b a s e d  m e t h o d  
d e v i s e d  b y  P a e t k a u  e t  a l .  ( 1 9 9 5 ) .  A n  i n d i v i d u a l  i s  a s s i g n e d  t o  t h e  p o p u l a t i o n  i n  w h i c h  t h a t  
i n d i v i d u a l ' s  g e n o t y p e  i s  m o s t  l i k e l y  t o  o c c u r .  M u l t i l o c u s  a s s i g n m e n t  i s  t h e  p r o d u c t  o f  t h e  
a s s i g n m e n t  l i k e l i h o o d s  f o r  e a c h  l o c u s .  W h e n  a n  a l l e l e  i n  t h e  i n d i v i d u a l  i s  a b s e n t  f r o m  t h e  
p o p u l a t i o n  s a m p l e ,  t h e  e s t i m a t e  o f  t h e  c o r r e s p o n d i n g  a l l e l e  f r e q u e n c y  i s  z e r o ,  t h u s  
e l i m i n a t i n g  t h e  p o p u l a t i o n .  H o w e v e r ,  t h e  a l l e l e  m a y  b e  r a r e  a n d  t h e r e f o r e  n o t  r e p r e s e n t e d  i n  
t h e  s a m p l e .  T h i s  p r o b l e m  c a n  b e  o v e r c o m e  b y  r e p l a c i n g  n u l l  f r e q u e n c i e s  b y  a  s m a l l  c o n s t a n t  
f r e q u e n c y  ( 0 . 0 1 ) .  T h e  s e t  o f  r e f e r e n c e  p o p u l a t i o n s  m a y  n o t  i n c l u d e  t h e  t r u e  p o p u l a t i o n  o f  
o r i g i n  o f  a n  i n d i v i d u a l ,  t h u s  a  c o n f i d e n c e  m e a s u r e  i s  o b t a i n e d .  M u l t i l o c u s  g e n o t y p e s  a r e  
s i m u l a t e d  b y  r a n d o m l y  t a k i n g  a l l e l e s  a c c o r d i n g  t o  p o p u l a t i o n  f r e q u e n c i e s .  
2 . 8  O b j e c t i v e s  
S u r v e y  t h e  r i v e r s  F r o m e  a n d  P i d d l e  t o  i d e n t i f y  t h e  d i s t r i b u t i o n  a n d  d e n s i t y  o f  j u v e n i l e  S .  s a f a r  
a n d  e s t i m a t e  s t a b i l i t y  o v e r  t h r e e  c o n s e c u t i v e  y e a r s .  
E s t i m a t e  t h e  l e v e l  o f  g e n e t i c  v a r i a b i l i t y  o f  S .  s a l a r  w i t h i n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  a n d  
d e t e r m i n e  t h e  e x t e n t ,  p a t t e r n  a n d  t e m p o r a l  s t a b i l i t y  o f  g e n e t i c  d i f f e r e n t i a t i o n ,  o v e r  t h r e e  
c o n s e c u t i v e  y e a r s .  
A n a l y s e  f a c t o r s  s u c h  a s  d i f f e r e n c e s  i n  e n v i r o n m e n t a l  v a r i a b l e s ,  w h i c h  m a y  c a u s e  g e n e t i c  
d i f f e r e n t i a t i o n  w i t h i n  a  r i v e r .  
E s t i m a t e  c h a n g e s  i n  g e n e t i c  v a r i a t i o n  i n  t h e  F r o m e  S .  s a l a r  p o p u l a t i o n  s i n c e  1 9 6 3 ,  u s i n g  
D N A  e x t r a c t e d  f r o m  s c a l e s  s a m p l e d  f r o m  a d u l t s  r e t u r n i n g  t o  s p a w n ,  a n d  r e l a t e  g e n e t i c  
c h a n g e s  t o  c h a n g e s  i n  p o p u l a t i o n  s i z e  a n d  a g e  s t r u c t u r e .  
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3 .  M E T H O D S  
3 . 1  S i t e s  
T h e  R i v e r s  F r o m e  a n d  P i d d l e  d i s c h a r g e  i n t o  P o o l e  H a r b o u r ,  D o r s e t ,  U K .  T w e n t y  s i t e s  w e r e  
s a m p l e d  o n  t h e  R i v e r  F r o m e  a n d  t w o  s i t e s  w e r e  s a m p l e d  o n  t h e  R i v e r  P i d d l e  ( T a b l e  3 . 1 . 1 )  
F o r  s i t e  l o c a t i o n s  s e e  s i t e  m a p ,  s e c t i o n  3 . 8 .  
T a b l e  3 . 1 . 1  J u v e n i l e  S .  s a l a r  s a m p l e  s i t e s  o n  t h e  R i v e r s  F r o m e  a n d  P i d d l e ,  D o r s e t  
S i t e  c o d e  
R i v e r  P i d d l e  
T r i g o n  F a r m  
T F  
B e r e  S t r e a m  B S  
R i v e r  F r o m e  
W e s t  H o l m e  
W H  
E .  S t o k e  M i l l s t r e a m  E S M S  
E a s t  S t o k e  
E S  
W o o l  S t r e a m  
W O  
B i n d o n  M i l l s t r e a m  B M  
W a t e r b a r n  S t r e a m  
W S  
E a s t  B u r t o n  E B  
T a d n o l l  W i n f r i t h  
T W  
D e r e c k ' s  T a d n o l l  D T  
T a d n o l l  K n a p  M i l l  T K  
M o r e t o n  C a r r i e r  
M C  
M o r e t o n  F o r d  M F  
N o r r i s  M i l l  F a r m  
N F  
L e w e l l  M i l l  L M  
S o u t h  W i n t e r b o u r n e  
S W  
D o r c h e s t e r  S e w e r a g e  D S  
G r e y s  B r i d g e  C a r r i e r  
G B  
R a i l w a y  
R W  
W h i t f i e l d  H a t c h e s  
H A  
M u c k l e f o r d  B r i d . g e  
M B  
3 . 2  S a m p l i n g  
O v e r  2 3 0 0  s a l m o n  p a r r  w e r e  s a m p l e d  a t  7  o c c a s i o n s  o v e r  t h r e e  y e a r s .  1 6  s i t e s  w e r e  s a m p l e d  
i n  J u l y  1 9 9 8 ,  1 6  s i t e s  w e r e  s a m p l e d  i n  S e p t e m b e r  1 9 9 8 ,  5  s i t e s  w e r e  s a m p l e d  i n  N o v e m b e r  
1 9 9 8 ,  1 6  s i t e s  w e r e  s a m p l e d  i n  J u l y  1 9 9 9 ,  1 6  s i t e s  w e r e  s a m p l e d  i n  S e p t e m b e r  1 9 9 9 ,  1 5  s i t e s  
w e r e  s a m p l e d  i n  J u l y  2 0 0 0  a n d  1 4  s i t e s  w e r e  s a m p l e d  i n  O c t o b e r  2 0 0 0  ( T a b l e  3 . 2 . 1 ) .  D u e  t o  
t h e  s m a l l  n u m b e r s  o f  j u v e n i l e s  p r e s e n t  a t  s i t e s  D o r c h e s t e r  S e w a g e  W o r k s  ( D S )  a n d  D e r e c k ' s  
T a d n o l l  ( D T )  i n  1 9 9 8 ,  t h e s e  s i t e s  w e r e  n o t  s a m p l e d  i n  f o l l o w i n g  y e a r s .  
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T a b l e .  3 . 2 . 1 	  S .  s a l a r  j u v e n i l e s  s a m p l e d  f r o m  s i t e s  o n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  a t  s e v e n  
s a m p l e  t i m e s  
S a m p l e  t i m e  S i t e s  s a m p l e d  
J u l y  1 9 9 8  G B  N F  L M  E B  E S  E S M S  W S  H A  
M B  T W S W W O  M C M F  D T D S  
S e p t e m b e r  1 9 9 8  
G B  N F  L M  E B  E S  E S M S  W S  H A  
M B  T W S W W O  M C  M F  D T D S  
N o v e m b e r  1 9 9 8  
G B  E S M S  W S  B M  W O  
J u l y  1 9 9 9  
B S  W H  G B  N F  L M  E B  E S  E S M S  
W S  H A  B M  T W S W W O  M F R W  
S e p t e m b e r  1 9 9 9  
B S  W H  G B  N F  L M  E B  E S  E S M S  
W S H A M B  B M T W S W W O M F  
J u l y  2 0 0 0  
B S  W H  G B  N F  L M  E B  E S  E S M S  
W S  H A  B M T W S W W O M F  
O c t o b e r  2 0 0 0  
B S  G B  N F  L M  E B  E S  E S M S  W S  
H A M B  B M S W W O M F  
Q u a n t i t a t i v e  s a m p l e s  o f  j u v e n i l e  s a l m o n  w e r e  t a k e n  f r o m  e a c h  o f  t h e  p r e - d e t e r m i n e d  s i t e s ,  
u s i n g  m u l t i p l e  s h o c k ,  c a t c h  d e p l e t i o n ,  e l e c t r i c  f i s h i n g  m e t h o d s .  E a c h  s i t e  w a s  e l e c t r i c  f i s h e d  
a t  1 0 0  H z  p u l s e d  d c ,  w i t h  s t r e a m  w i d t h  d e t e r m i n i n g  t h e  u s e  o f  e i t h e r  s i n g l e  o r  t w i n  a n o d e s .  
P o p u l a t i o n  e s t i m a t e s  ( e x a c t  m i n i m u m  l i k e l i h o o d )  w e r e  c a l c u l a t e d  f r o m  t h e  m u l t i p l e  s h o c k  
c a t c h  d a t a  a t  e a c h  s i t e  u s i n g  t h e  p r o g r a m  " R e m o v e  2 "  ( C l a r k e  1 9 9 2 ) .  W h e r e  v e r y  l o w  
n u m b e r s  o f  f i s h  w e r e  c a u g h t  a n d  p o p u l a t i o n  e s t i m a t e s  c o u l d  n o t  b e  c a l c u l a t e d ,  d e n s i t i e s  b a s e d  
o n  t h e  t o t a l  n u m b e r  o f  f i s h  c a u g h t  w e r e  u s e d  a s  t h e  b e s t  m i n i m u m  d e n s i t y  e s t i m a t e .  
A l l  s a l m o n  p a r r  w e r e  r e t a i n e d  i n  b i n s  a n d  f o r k  l e n g t h  m e a s u r e d  t o  t h e  n e a r e s t  m m .  0 +  s a l m o n  
w e r e  s e d a t e d  i n  2  P h e n o x y e t h a n o l  a n d  a  s m a l l  p o r t i o n  o f  o n e  o f  t h e  p e l v i c  f i n s  r e m o v e d  f r o m  
e a c h  i n d i v i d u a l .  T h i s  w a s  p r e s e r v e d  i n  a b s o l u t e  e t h a n o l  f o r  s u b s e q u e n t  D N A  a n a l y s i s .  
A l t e r n a t e  f i n s  w e r e  c l i p p e d  a t  a d j a c e n t  s i t e s  t o  p r o v i d e  a n  i n d i c a t i o n  o f  s u b s e q u e n t  p a r r  
m o b i l i t y  a n d / o r  m i g r a t i o n .  S c a l e s  w e r e  r e m o v e d  f r o m  a n y  s a l m o n  p a r r  t h o u g h t  t o  b e  o l d e r  
t h a n  0 +  t o  d e t e r m i n e  t h e  a g e .  A f t e r  p r o c e s s i n g ,  a l l  f i s h  w e r e  r e t u r n e d  t o  t h e  s a m e  s e c t i o n  o f  
r i v e r  a l i v e .  O n  t h e  S e p t e m b e r / O c t o b e r  s u r v e y s  o f  e a c h  y e a r ,  p e l v i c  f i n s  w e r e  e x a m i n e d  f o r  
p r e v i o u s  c l i p s  a n d  r e c o r d e d  a c c o r d i n g l y  t o  a s s e s s  r e c a p t u r e  e f f i c i e n c y .  
T o  m a k e  a  c r u d e  a s s e s s m e n t  o f  t h e  p o t e n t i a l  p r e d a t o r s  p r e s e n t  a t  e a c h  s i t e ,  p i k e  ( > 2 0 c m ) ,  e e l s  
( > 3 0 c m )  a n d  t r o u t  ( >  l 5 c m )  w e r e  c o u n t e d  d u r i n g  t h e  f i r s t  s h o c k .  T h i s  d i d  n o t  p r o v i d e  a n  
e s t i m a t e  o f  p o p u l a t i o n  s i z e  o r  d e n s i t y  b u t  d i d  h o w e v e r  p r o v i d e  a  s t a n d a r d  c o m p a r i s o n  
b e t w e e n  s i t e s  t o  a s s e s s  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  n u m b e r  o f  p o t e n t i a l  p r e d a t o r s  a n d  t h e  
p o p u l a t i o n  s i z e  o f  s a l m o n  p a r r .  
3 . 3  H a b i t a t  q u a l i t y  a n d  a v a i l a b i l i t y  
A n  i n d e p e n d e n t ,  p r e d i c t i v e  m o d e l ,  b a s e d  o n  a  s e r i e s  o f  r e a l ,  p h y s i c a l  h a b i t a t  a n d  g e o g r a p h i c a l  
m e a s u r e m e n t s ,  c a l l e d  H A B S C O R E ,  w a s  u s e d  t o  a s s e s s  t h e  q u a l i t y  o f  a v a i l a b l e  h a b i t a t  a t  e a c h  
s i t e  a n d  w h e t h e r  s i t e s  w e r e  a t  f u l l  c a r r y i n g  c a p a c i t y  f o r  0 +  s a l m o n .  H A B S C O R E  i s  a  s y s t e m  f o r  
m e a s u r i n g  a n d  e v a l u a t i n g  s t r e a m  h a b i t a t  f e a t u r e s  a n d  c a n  b e  u s e d  t o  e v a l u a t e  t h e  s u i t a b i l i t y  o f  
t h e  s t r e a m  f o r  s a l m o n i d  f i s h .  I t  i s  b a s e d  o n  s p e c i e s  a n d  a g e - s p e c i f i c  e m p i r i c a l  s t a t i s t i c a l  
m o d e l s ,  w h i c h  r e l a t e  p r e d i c t e d  f i s h  p o p u l a t i o n s  t o  o b s e r v e d  h a b i t a t  v a r i a b l e s .  
W h e n  t h e  e l e c t r i c  f i s h i n g  s u r v e y  w a s  c o m p l e t e d  a t  e a c h  s i t e ,  ' H A B S C O R E  V '  H A B j o r m s  w e r e  
c o m p l e t e d  f o r  t h e  s a m e  s e c t i o n  o f  r i v e r .  H A B S C O R E  w a s  r e c o r d e d  o n  a  s t a n d a r d  q u e s t i o n n a i r e  
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f o r m .  D a t a  f r o m  t h e  c o m p l e t e d  f o r m s  w e r e  t h e n  p u t  i n t o  t h e  H A B S C O R E  s o f t w a r e  p a c k a g e  a n d  
t h e  m o d e l  r u n  t o  o b t a i n  t h e  p r e d i c t i o n s .  T w o  o u t p u t  v a l u e s  a r e  g e n e r a t e d ;  t h e  H a b i t a t  Q u a l i t y  
S c o r e  ( H Q S )  a n d  t h e  H a b i t a t  U t i l i s a t i o n  I n d e x  ( H U I ) .  T h e  H Q S  g i v e s  p r e d i c t e d  e s t i m a t e s  o f  
f i s h  a b u n d a n c e  a t  e a c h  s i t e ,  e x p r e s s e d  a s  t h e  e x p e c t e d  d e n s i t y  o f  f i s h  p e r  1 0 0 n l  o f  s t r e a m b e d ,  
u n d e r  " p r i s t i n e "  c o n d i t i o n s .  T h e  H U I  i s  a  m e a s u r e  o f  t h e  e x t e n t  t o  w h i c h  t h e  h a b i t a t  i s  u s e d  
b y  s a l m o n i d s  ( e s t i m a t e d  b y  d i f f e r e n c e  b e t w e e n  t h e  o b s e r v e d  d e n s i t y  a n d  t h e  H Q S ) .  T h e s e  
t w o  v a l u e s  g i v e  t h e  t h e o r e t i c a l  n a t u r a l  c a r r y i n g  c a p a c i t y  o f  t h e  s t r e a m .  
F o r  t h i s  s t u d y  v e r s i o n  V  o f  t h e  m o d e l  w a s  u s e d  a s  t h i s  i s  d e s i g n e d  t o  b e  s u i t a b l e  f o r  a l l  r i v e r  
a n d  s t r e a m  t y p e s  a n d  n o t  j u s t  ( a s  w i t h  e a r l i e r  v e r s i o n s  o f  t h e  m o d e l )  u p l a n d  s t r e a m s .  D a t a  
c o l l e c t e d  f o r  H A B S C O R E  h a v e  a l s o  b e e n  u s e d  t o  d e t e r m i n e  a n y  i n t r a - s i t e  v a r i a t i o n  i n  
h a b i t a t ,  b e t w e e n  s u r v e y s  a n d  t o  e s t a b l i s h  a n y  r e l a t i o n s h i p s  b e t w e e n  h a b i t a t / g e o g r a p h i c a l  
f a c t o r s  a n d  p o p u l a t i o n  d e n s i t y  o r  g r o w t h  r a t e .  
3 . 4  P a r r  g r o w t h  r a t e  
T h e  g r o w t h  r a t e  o f  t h e  f i s h  a t  e a c h  s i t e  w a s  a s s e s s e d  b y  c o m p a r i n g  t h e  I n s t a n t a n e o u s  G r o w t h  
R a t e  ( G )  o f  t h e  f i s h  ( t h e  g r o w t h  o v e r  a  u n i t  o f  t i m e )  b e t w e e n  s a m p l i n g  t i m e s .  
G  =  l o g e w 2  - l o g e w l  /  i l t  E q n  3 . 4 . 1  
W h e r e  W I  a n d  W 2 =  m e a n  w e i g h t  o f  f i s h  a t  t i m e  t l  a n d  t 2  r e s p e c t i v e l y .  
V a r i a b l e  r i v e r  c o n d i t i o n s  b e t w e e n  y e a r s  m e a n t  t h a t  w h i l s t  t h e  s u m m e r  s a m p l i n g  w a s  a l w a y s  
c a r r i e d  o u t  i n  J u l y  t h e  a u t u m n  s a m p l i n g  t i m e  v a r i e d .  I n  1 9 9 9 ,  f o r  e x a m p l e ,  r i v e r  c o n d i t i o n s  
r e s u l t e d  i n  s o m e  s i t e s  b e i n g  s a m p l e d  i n  S e p t e m b e r  a n d  s o m e  i n  O c t o b e r .  F o r  t h i s  r e a s o n  t h e  
v a l u e  f o r  t h e  t i m e  i n t e r v a l  ( i l t )  w a s  t a k e n  a s  t h e  n u m b e r  o f  d a y s  b e t w e e n  s a m p l i n g .  
T h r e e  v a l u e s  o f  G  w e r e  c a l c u l a t e d  f o r  e a c h  y e a r . 
  
A I  G r o w t h  b e t w e e n  1 s t  M a y  a n d  t h e  J u l y  s a m p l i n g  d a t e  ( a s s u m i n g  a  w e i g h t  o f  f i s h  o f  0 . 1 5  g 
  
o n  1
s t  
M a y  ( E l l i o t t  &  H u r l e y  1 9 9 7 ) ) . 
  
B /  G r o w t h  b e t w e e n  t h e  J u l y  s a m p l i n g  a n d  t h e  a u t u m n  s a m p l i n g . 
  
C /  G r o w t h  b e t w e e n  1 s t  M a y  a n d  t h e  a u t u m n  s a m p l i n g . 
  
I n  a l l  c a s e s  w e i g h t s  w e r e  c a l c u l a t e d  f r o m  o b s e r v e d  l e n g t h s  u s i n g  t h e  e q u a t i o n  
W ( g )  =  a L ( c m ) b  
E q n  3 . 4 . 2 .  
V a l u e s  o f  a  =  0 . 0 1 3 1 3  a n d  b  =  2 . 9 0 5 8  w e r e  t a k e n  f r o m  p u b l i s h e d  l e n g t h  /  w e i g h t  c o e f f i c i e n t s  
f o r  j u v e n i l e  s a l m o n i d s  i n  O c t o b e r  ( C r i s p  e t  a l  1 9 9 7 ) .  
3 . 5  G e n e t i c  a n a l y s i s  
3 . 5 . 1  D N A  e x t r a c t i o n  
D N A  w a s  e x t r a c t e d  f o l l o w i n g  a  m o d i f i c a t i o n  o f  t h e  B e a c h a m  a n d  D e m p s o n  ( 1 9 9 8 )  m e t h o d .  
O n e  f i n  c l i p  w a s  d i g e s t e d  i n  3 0 0  ~l o f  C h e l e x  B u f f e r  A  ( 5  %  C h e l e x ,  1 0 0  m M  N a C ! ,  5 0  m M  T r i s ,  
1 %  T r i t o n ,  l O m M  E D T A )  w i t h  3  m g  p r o t e i n a s e  K  a n d  0 . 1  m g  R N A s e ,  o v e r n i g h t  a t  3 7 ° C  w i t h  
r o t a t i o n .  T h e  s u p e r n a t a n t  w a s  r e m o v e d  f r o m  d i g e s t e d  s a m p l e s ,  3 0 0  ~l o f  C h e l e x  B u f f e r  B  
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w a s  a d d e d  a n d  e x t r a c t s  w e r e  s t o r e d  a t  - 2 0 ° C .  T h i s  i s  a  v e r y  r a p i d  e x t r a c t i o n  t e c h n i q u e  a n d  
m i n i m i s e s  t h e  r i s k  o f  c r o s s  t r a n s f e r  o f  s a m p l e s .  
3 . 5 . 2  M i c r o s a t e l l i t e  p r i m e r  s e l e c t i o n  a n d  o p t i m i s a t i o n  
O v e r  4 0  s a l m o n i d  m i c r o s a t e l l i t e  p r i m e r s  s e q u e n c e s  a r e  p u b l i s h e d  w h i c h  h a v e  p o t e n t i a l  u s e  
f o r  c h a r a c t e r i s i n g  S a l m o  s a l a r  g e n e t i c  v a r i a b i l i t y .  P r i m e r s  c l o n e d  f r o m  S a l m o  s a l a r  w i l l  b e  
m o s t  l i k e l y  t o  a m p l i f y  s c o r a b l e  p r o d u c t s ,  h o w e v e r ,  p r e v i o u s  s t u d i e s  h a v e  s h o w n  t h a t  p r i m e r s  
c a n  a m p l i f y  a c r o s s  s p e c i e s ,  t h e r e f o r e  p r i m e r s  c l o n e d  f r o m  S a l m o  t n i t t a ,  O n c o r h y n c h u s  s p .  
( P a c i f i c  s a l m o n )  a n d  S a l v e l i n u s  s p .  ( C h a r r )  m a y  b e  u s e f u l .  P r i m e r s  w e r e  s e l e c t e d  o n  t h e  b a s i s  
o f  p u b l i s h e d  i n f o r m a t i o n  r e g a r d i n g  p r o d u c t  s i z e  p o l y m o r p h i s m  a n d  h e t e r o z y g o s i t y .  P r i m e r s  
a m p l i f y i n g  a  s m a l l  p r o d u c t  w e r e  p r e f e r r e d ;  s m a l l e r  p r o d u c t  s i z e  i s  e s p e c i a l l y  i m p o r t a n t  i f  
D N A  i s  d e g r a d e d .  T e t r a n u c l e o t i d e  r e p e a t s  w e r e  p r e f e r r e d  d u e  t o  r e d u c e d  l i k e l i h o o d  o f  s t u t t e r  
b a n d s .  T h e  e x t e n t  o f  p r e v i o u s  p u b l i c a t i o n  f o r  u s e  t o  c h a r a c t e r i s e  p o p u l a t i o n  s t r u c t u r e  w a s  a l s o  
c o n s i d e r e d .  
F i f t e e n  p r i m e r s ,  c l o n e d  f r o m  S .  s a l a r  w e r e  s e l e c t e d ;  S s a  2 0 2 ,  S s a  1 7 1 ,  S s a  1 9 7  ( O ' R e i l l y  e t  a l .  
1 9 9 6 ) ,  S s a  2 8 9  ( M c C o n n e l l  e t  a l .  1 9 9 5 a ) ,  S s o s 1 8 5 ,  S s o s 1 4 l 7  ( S l e t t a n  e t  a l .  1 9 9 7 ) ,  S s a  4 ,  S s a  
1 4  ( M c C o n n e l l  e t  a l .  1 9 9 5 b ) ,  S s a  8 5  ( O ' R e i l l y  e t  a l .  1 9 9 6 ) ,  S s o s 1 4 3 8 ,  S s o s 1 4 3 9 ,  S s o s 1 4 4 4 ,  
( S l e t t a n  e t  a l .  1 9 9 7 ) ,  F 4 3 ,  2 0 . 1 9  a n d  D 3 0  ( S a n c h e z  e t  a l .  1 9 9 6 )  a n d  t e s t e d  u s i n g  D N A  
e x t r a c t e d  f r o m  R i v e r  F r o m e  S .  s a l a r  f i n  c l i p s .  F o r  d e t a i l s  o f  p u b l i s h e d  m i c r o s a t e l l i t e  r e p e a t  
s t r u c t u r e ,  s i z e  a n d  h e t e r o z y g o s i t y  f o r  t h e s e  p r i m e r s  s e e  A p p e n d i x  S e c t i o n  7 . 3 . 5 . ,  T a b l e  
7 . 3 . 5 . 1 .  T w o  p r i m e r s ,  c l o n e d  f r o m  S .  t r u t t a ,  / 1 - 6 0  ( E s t o u p  e t  a l .  1 9 9 3 )  a n d  / 1 - 7 3  ( E s t o u p  e t  a l .  
1 9 9 3 ) ,  a n d  t w o  p r i m e r s  c l o n e d  f r o m  O n c o r h y n c h u s ,  a g o  1 a  ( O l s e n  e t  a l .  1 9 9 8 )  a n d  F
G T 1  
( S a k a m o t o  e t  a l .  1 9 9 4 ) ,  w e r e  t e s t e d  u s i n g  D N A  e x t r a c t e d  f r o m  f i n  c l i p s ,  d e s p i t e  n o  p r e v i o u s  
p u b l i c a t i o n s  f o r  u s e  i n  S .  s a l a r .  F o r  d e t a i l s  o f  p u b l i s h e d  m i c r o s a t e l l i t e  s t r u c t u r e ,  s i z e  a n d  
h e t e r o z y g o s i t y  f o r  t h e s e  p r i m e r s  s e e  A p p e n d i x  S e c t i o n  7 . 3 . 5 . ,  T a b l e  7 . 3 . 5 . 2 .  
P r e v i o u s  s t u d i e s  h a v e  u s e d  p r i m e r s  f r o m  s p e c i e s  o t h e r  t h a n  S .  s a l a r ,  f o r  e x a m p l e ,  / 1 - 3 ,  / 1 - 7 9 . 1  
a n d  / 1 - 7 9 . 2  c l o n e d  f r o m  S .  t r u t t a  ( n o t  p u b l i s h e d ,  s o u r c e  q u o t e d  i n  T e s s i e r  e t  a l .  1 9 9 7 ) ,  a m y  2 7  
a n d  a m y  2 8  ( C .  H e r b i n g e r ,  n o t  p u b l i s h e d )  c l o n e d  f r o m  O n c o r h y n c h u s  a n d  S f o - 2 3 ,  c l o n e d  
f r o m  S a l v e l i n u s  ( A n g e r s  e t  a l .  1 9 9 5 ) .  T h e s e  p r i m e r s  w e r e  n o t  u s e d  d u e  t o  d i f f i c u l t i e s  i n  
o b t a i n i n g  t h e  p r i m e r s  s e q u e n c e s  a n d  a l s o  d u e  t o  t h e  p r o b l e m  t h a t  p r i m e r s  f r o m  m o r e  d i s t a n t l y  
r e l a t e d  s p e c i e s  a r e  l e s s  l i k e l y  t o  a m p l i f y  t h e  c o r r e c t  p r o d u c t ,  m a y  h a v e  a  l a r g e  d e g r e e  o f  
s t u t t e r  o r  m a y  b e  m o n o m o r p h i c .  F o r  d e t a i l s  o f  p u b l i s h e d  m i c r o s a t e l l i t e  s t r u c t u r e ,  s i z e  a n d  
h e t e r o z y g o s i t y  f o r  p r i m e r s  / 1 - 3 ,  / 1 - 7 9 . 1 ,  / 1 - 7 9 . 2 ,  a m y  2 7 ,  a m y  2 8  a n d  S f o - 2 3 ,  s e e  A p p e n d i x  
S e c t i o n  7 . 3 . 5 . ,  T a b l e  7 . 3 . 5 . 3 .  
F u r t h e r  p r i m e r  s e q u e n c e s ,  c l o n e d  f r o m  S .  s a l a r  a r e  a v a i l a b l e ,  h o w e v e r ,  e i g h t  ' S s o s l '  p r i m e r s  
c l o n e d  f r o m  S .  s a l a r  b y  ( S l e t t a n  e t  a l .  ( 1 9 9 7 )  w e r e  n o t  s e l e c t e d  a s  t h e s e  h a v e  n o t  p r e v i o u s l y  
b e e n  u s e d  f o r  p o p u l a t i o n  s t u d i e s ,  s o m e  h a v e  l a r g e  p r o d u c t s  a n d  h a d  o v e r l a p p i n g  p r o d u c t s .  
T h r e e  p r i m e r s  c l o n e d  b y  M a r t i n e z  e t  a l .  ( 1 9 9 9 )  w e r e  a l s o  n o t  s e l e c t e d  a s  t h e  p r o d u c t s  h a d  a  
h i g h  d e g r e e  o f  s t u t t e r .  F o r  d e t a i l s  o f  p u b l i s h e d  m i c r o s a t e l l i t e  s t r u c t u r e ,  s i z e  a n d  
h e t e r o z y g o s i t y  f o r  t h e s e  p r i m e r s  s e e  A p p e n d i x  S e c t i o n  7 . 3 . 5 . ,  T a b l e  7 . 3 . 5 . 4 .  
P C R  c o n d i t i o n s  w e r e  d e t e r m i n e d  e x p e r i m e n t a l l y ,  a s  p u b l i s h e d  c o n d i t i o n s  w e r e  g e n e r a l l y  t o o  
s t r i n g e n t .  D N A  c o n c e n t r a t i o n  w a s  n o t  q u a n t i f i e d  a n d  a n  a r b i t r a r y  a m o u n t  o f  0 . 2  / 1 - 1  w a s  u s e d  
a s  a  t e m p l a t e  i n  a  r e a c t i o n  m i x  o f  s t a n d a r d  b u f f e r ,  a m o u n t  o f  T a q  a n d  s t a n d a r d  M g C l z ,  p r i m e r  
a n d  d N T P  c o n c e n t r a t i o n .  T M A C  a n d  f o r m a m i d e  w e r e  a d d e d  t o  s o m e  r e a c t i o n s  t o  i n c r e a s e  
s p e c i f i c i t y .  
2 0  
3 . 5 . 3  P C R  c o n d i t i o n s  
P C R  a m p l i f i c a t i o n s  w e r e  p e r f o r m e d  i n  1 0  I I I  r e a c t i o n  v o l u m e s  u s i n g  0 . 2  I I I  D N A  e x t r a c t ,  1 0  
m M  T r i s ,  5 0  m M  K C l ,  1 5  m M  M g C l z ,  1  %  T r i t o n  1 0 0 ,  1 . 0  m M  d N T P ,  2  p m o l  f o r w a r d  a n d  2  
p m o l  r e v e r s e  p r i m e r  a n d  0 . 0 1  ~ll T a q  D N A  p o l y m e r a s e .  A m p l i f i c a t i o n  w a s  p e r f o r m e d  o n  a  
H y b a i d  9 6  w e l l  O m n E ,  u s i n g  t h e  c y c l e  p r o f i l e :  2  m i n  a t  9 5  D C  x l ;  1 m i n  a t 9 4  D C ,  3 0 s  a t  A r ,  
4 0 s  a t 7 2  D C  x 5 ;  1 m i n a t  9 0  D C ,  1  m i n  a t  A T
b  
,  5 0 s  a t  7 2  D C  x 2 8 .  T M A C  a n d  f o r m a m i d e  w e r e  
a d d e d  t o  s o m e  r e a c t i o n s  t o  i n c r e a s e  s p e c i f i c i t y .  G e n e r a l l y  a  l o w e r  a n n e a l i n g  t e m p e r a t u r e  
( A T )  t h a n  t h e  p u b l i s h e d  A T  w a s  u s e d .  
3 . 5 . 4  P r o d u c t  v i s u a l i s a t i o n  a n d  s c o r i n g  
P C R  p r o d u c t s  w e r e  v i s u a l i s e d  t o  s i n g l e  b a s e  r e s o l u t i o n  o n  6  %  d e n a t u r i n g  p o l y a c r y l a m i d e  
g e l s  a n d  s t a i n e d  w i t h  s i l v e r  s t a i n i n g  k i t  ( P r o m e g a ) .  A l l e l e s  w e r e  s c o r e d  o n  t h e  b a s i s  o f  
r e l a t i v e  s i z e  a n d  r e f e r e n c e  s a m p l e s  w e r e  u s e d  t o  s t a n d a r d i s e  s c o r i n g  a c r o s s  g e l s .  A  1 0 0  b p  
l a d d e r  a n d  a  2 5  b p  l a d d e r  ( P r o m e g a )  w e r e  u s e d  t o  s i z e  p r o d u c t s .  
3 . 6 .  G e n e t i c  a n a l y s i s  o f  s c a l e  s a m p l e s  
S c a l e s  w e r e  r e m o v e d  b y  a n g l e r s  f r o m  a d u l t  S .  s a l a r  m i g r a t i n g  u p s t r e a m  i n  t h e  r i v e r  F r o m e .  
S c a l e s  w e r e  s t o r e d  d r y  i n  e n v e l o p e s  a t  r o o m  t e m p e r a t u r e .  T h e  a g e  o f  t h e  f i s h  w a s  d e t e r m i n e d  
b y  c o u n t i n g  t h e  n u m b e r  o f  s c a l e  r i n g s ,  h o w e v e r ,  a g e  i n f o r m a t i o n  w a s  n o t  d e t e r m i n e d  f o r  a l l  
o f  t h e  s c a l e  s a m p l e s .  D N A  w a s  e x t r a c t e d  f r o m  a  1 4 2 1  s c a l e s ,  u s i n g  t h e  m o d i f i e d  C h e l e x  
m e t h o d  ( S e c t i o n  3 . 5 . 1 )  a n d  g e n e t i c  v a r i a b i l i t y  w a s  a s s e s s e d  u s i n g  m i c r o s a t e l l i t e  m a r k e r s  
( S e c t i o n s  3 . 5 . 2 .  t o  3 . 5 . 4 ) .  
3 . 7  S t a t i s t i c a l  a n a l y s i s  o f  g e n e t i c  v a r i a b i l i t y  a n d  p o p u l a t i o n  s t r u c t u r e  
A l l e l e  f r e q u e n c y  d a t a  w e r e  u s e d  t o  e s t i m a t e  g e n e t i c  v a r i a t i o n  a n d  p o p u l a t i o n  s t r u c t u r e .  
N u m b e r  o f  i n d i v i d u a l s  p e r  s a m p l e  s i t e  a n d  o v e r  a l l  s i t e s  w e r e  c a l c u l a t e d  p e r  s a m p l e  t i m e  a n d  
a l l e l e  f r e q u e n c i e s  p e r  s a m p l e  s i t e  a n d  o v e r  a l l  s i t e s  w e r e  e s t i m a t e d .  G e n e t i c  d i v e r s i t y  w a s  
c a l c u l a t e d  p e r  l o c u s ,  p e r  s i t e  a n d  o v e r  a l l  s i t e s  a t  e a c h  s a m p l e  t i m e .  N u m b e r  o f  a l l e l e s ,  
o b s e r v e d  h e t e r o z y g o s i t y  a n d  e x p e c t e d  h e t e r o z y g o s i t y  u n d e r  H a r d y - W e i n b e r g  e q u i l i b r i u m  
w e r e  c a l c u l a t e d  u s i n g  t h e  p r o g r a m m e  F S T A T  v 2 . 9 . 1 .  ( G o u d e t  2 0 0 0 )  a n d  a l l e l i c  r i c h n e s s  
s t a n d a r d i s e d  p e r  i n d i v i d u a l  w a s  c a l c u l a t e d  u s i n g  F S T A T  v 2 . 9 . 3 .  ( G o u d e t  2 ( 0 1 ) .  
O b s e r v e d  h e t e r o z y g o s i t y  ( H o )  w a s  c a l c u l a t e d  u s i n g  H o  =  1 - L k  L i  P k i J  n p ,  w h e r e  P
k i i  
i s  t h e  
f r e q u e n c y  o f  g e n o t y p e  A i A i  i n  t h e  s a m p l e  k  a n d  n p  i s  n u m b e r  o f  s a m p l e s .  
E x p e c t e d  h e t e r o z y g o s i t y  w e i g h t e d  b y  s a m p l e  s i z e ,  w a s  c a l c u l a t e d  u s i n g  
H " k  = 	  ~ ( 1  - I  p~ - H  o k  / 2  1 1 k )  
m -
l  
w h e r e  m  i s  t h e  s i z e  o f  s a m p l e  k ,  P
i k  
i s  t h e  f r e q u e n c y  o f  a l l e l e  A i  i n  s a m p l e  k  a n d  H
o k  
i s  t h e  
o b s e r v e d  p r o p o r t i o n  o f  h e t e r o z y g o t e s  i n  s a m p l e  k .  
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W e i r  a n d  C o c k e r h a m ' s  ( 1 9 8 4 )  e s t i m a t o r s  o f  F ,  e  a n d  l '  w e r e  u s e d  t o  c h a r a c t e r i s e  p o p u l a t i o n  
s t r u c t u r e .  F ,  e  a n d  f  a r e  c o n s i d e r e d  t o  b e  e s t i m a t o r s  o f  W r i g h t ' s  ( 1 9 5 1 )  F  s t a t i s t i c s ;  F I T ,  F
S T  
a n d  F
1 S  
r e s p e c t i v e l y .  
C o m p a r i s o n s  b e t w e e n  s a m p l e  t i m e s  f o r  H o ,  H t ,  F
1 S  
a n d  F
S T  
w a s  c a l c u l a t e d  u s i n g  a  b e t w e e n ­
g r o u p s  t e s t ,  F S T A T  v 2 . 9 . 3  ( G o u d e t  2 0 0 1 ) .  F o r  e a c h  g r o u p  t h e  a v e r a g e  ( o v e r  s a m p l e s  a n d  l o c i )  
o f  t h e  c h o s e n  s t a t i s t i c  w a s  c a l c u l a t e d  t h e n  O S x  w a s  c a l c u l a t e d  u s i n g  e q u a t i o n  3 . 7 . 1 .  
E q u a t i o n  3 . 7 . 1 .  
n b s u b g r p s - l n b s u b g r p s  
L L
O S x =  ( x i - x i
i = l  j = i + l  
P e r m u t a t i o n  w a s  u s e d  t o  a s s e s s  t h e  s i g n i f i c a n c e  o f  t h e  s t a t i s t i c  O S x .  W h o l e  s a m p l e s  w e r e  
a l l o c a t e d  a t  r a n d o m  t o  t h e  d i f f e r e n t  g r o u p s  ( k e e p i n g  t h e  n u m b e r  o f  s a m p l e s  i n  e a c h  g r o u p  
c o n s t a n t ) ,  a n d  S x  c a l c u l a t e d  f r o m  t h e  r a n d o m i s e d  d a t a  s e t .  T h e  P - v a l u e  o f  t h e  t e s t  i s  t h e  
p r o p o r t i o n  o f  r a n d o m i s e d  d a t a  s e t s  g i v i n g  a  l a r g e r  S x  t h a n  t h e  o b s e r v e d  O S x .  
T h e  s i g n i f i c a n c e  o f  c o r r e l a t i o n  b e t w e e n  p a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  w a s  t e s t e d  
u s i n g  M a n t e l  r a n d o m i s a t i o n .  T h e  t e m p o r a l  s t a b i l i t y  o f  o b s e r v e d  s p a t i a l  d i f f e r e n t i a t i o n  w a s  
t e s t e d  b y  e s t i m a t i o n  o f  t e m p o r a l  a l l e l e  f r e q u e n c y  s t a b i l i t y ,  u s i n g  a  m e t h o d  d e v i s e d  b y  
R .  T .  C l a r k  ( R a y b o u l d  e t  a I . ,  i n  p r e s s ) .  P a r r  o f  1 +  a g e  g r o u p  w e r e  a s s i g n e d  t o  t h e  r e f e r e n c e  
p o p u l a t i o n  u s i n g  G e n e C l a s s  v 1 . 0 . 2  ( C o r n u e t  e t  a l .  1 9 9 9 )  ( p r o g r a m m e  h t t p : / / w w w . e n s a r n . i n r a . f r /  
Y R L B / g e n e c l a s s . h t m l ) .  
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3.8 Location of 22 sampling sites on the rivers Piddle and Frome, Dorset 
Sites were plotted onto the river network Llsing a Illap hased on digital spatial data licensed frolll the Ccntrc for Ecology and Hydrology 
Moore (1994) 
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4 .  R E S U L T S  
4 . 1  S a m p l i n g  
J u v e n i l e  S .  s a l a r  w e r e  s a m p l e d  b y  e l e c t r i c  f i s h i n g  f r o m  t h e  r i v e r s  F r o m e  a n d  P i d d l e  a t  s e v e n  
s a m p l e  t i m e s ;  J u l y  1 9 9 8 ,  S e p t e m b e r  1 9 9 8 ,  N o v e m b e r  1 9 9 8 ,  J u l y  1 9 9 9 ,  S e p t e m b e r  1 9 9 9 ,  J u l y  
2 0 0 0  a n d  O c t o b e r  2 0 0 0 .  A  t o t a l  o f  2 2  s i t e s  w e r e  s a m p l e d  h o w e v e r ,  a  m a x i m u m  o f  1 6  s i t e s  
w a s  e l e c t r o f i s h e d  a t  a n y o n e  t i m e .  
O v e r  a l l  s a m p l e  t i m e s ,  3 3  1 +  p a r r  w e r e  s a m p l e d  f r o m  9  s i t e s  o n  t h e  R i v e r  F r o m e  a n d  o n e  s i t e  
o n  t h e  R i v e r  P i d d l e ,  t h e  B e r e  S t r e a m  ( F i g u r e  4 . 1 . 1 . ) .  N o  p a r r  o l d e r  t h a n  1 +  w e r e  s a m p l e d .  I t  
i s  p o s s i b l e  t h a t  s o m e  1 +  p a r r  w e r e  p r e c o c i o u s l y  m a t u r e .  M a t u r i t y  o f  p r e c o c i o u s  p a r r  c a n  o n l y  
b e  d e t e r m i n e d  a f t e r  d i s s e c t i o n ;  i n  t h i s  s t u d y  i t  w a s  d e e m e d  i m p o r t a n t  t h a t  a l l  p a r r  w e r e  
r e t u r n e d  t o  t h e  r i v e r  a l i v e ,  t h e r e f o r e  t h e  p e r c e n t a g e  o f  p r e c o c i o u s  p a r r  w a s  n o t  a s s e s s e d .  
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F i g u r e  4 . 1 . 1 	  N u m b e r  o f  1 +  p a r r  s a m p l e d  i n  t h e  r i v e r s  F r o m e  a n d  P i d d l e ,  c o m b i n e d  t o t a l  p e r  
s i t e  f o r  1 9 9 8 ,  1 9 9 9  a n d  2 0 0 0  
4 . 1 . 1  E l e c t r i c  f i s h i n g  e f f i c i e n c y  
E l e c t r i c  f i s h i n g  e f f i c i e n c y  i s  a f f e c t e d  b y  m a n y  f a c t o r s  i n c l u d i n g  w i d t h  a n d  d e p t h  o f  t h e  
s t r e a m ,  d i s c h a r g e ,  t u r b i d i t y  a n d  m a c r o p h y t e  b i o m a s s  a s  w e l l  a s  o p e r a t o r  d i f f e r e n c e s .  I n  t h i s  
s t u d y ,  t h e  f i s h i n g  t e a m  r e m a i n e d  c o n s t a n t  t h u s  r e d u c i n g  e r r o r .  E l e c t r i c  f i s h i n g  e f f i c i e n c y  w a s  
c a l c u l a t e d  f o r  e a c h  s i t e  o n  e a c h  o c c a s i o n  ( T a b l e  4 . 1 . 1 . ) .  E l e c t r i c  f i s h i n g  e f f i c i e n c y  w a s  
g e n e r a l l y  v e r y  h i g h ,  f a l l i n g  b e l o w  6 0 %  o n  o n l y  f o u r  o c c a s i o n s .  
4 . 1 . 2  P a r r  m o r t a l i t y  
I t  w a s  a s s u m e d  t h a t  m o s t  d e n s i t y - d e p e n d e n t  m o r t a l i t y  h a d  t a k e n  p l a c e  b e f o r e  t h e  J u l y  
s a m p l i n g  t i m e s ,  w h e n  f i s h  w e r e  m a r k e d ,  h o w e v e r ,  t h e r e  w o u l d  h a v e  b e e n  s o m e  f u r t h e r  
n a t u r a l  m o r t a l i t y .  A l t h o u g h  t h e r e  i s  n o  d i r e c t  a s s e s s m e n t  o f  m o r t a l i t y  o f  p a r r  d u e  t o  f i n  
c l i p p i n g ,  a l l  f i s h  w e r e  h e l d  i n  r e c o v e r y  b i n s  a f t e r  m a r k i n g ,  a n d  a l l  w e r e  r e l e a s e d  i n  g o o d  
c o n d i t i o n .  T h u s  m o r t a l i t y  d u e  t o  t h i s  p r o c e s s  w a s  c o n s i d e r e d  m i n i m a l .  T h e  p o s s i b i l i t y  o f  
m o r t a l i t y  o f  m a r k e d  p a r r  b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e s  m u s t  b e  t a k e n  i n t o  a c c o u n t  
w h e n  e s t i m a t i n g  t h e  p e r c e n t a g e  o f  i n d i v i d u a l s  r e c a p t u r e d  a t  a  s i t e  i n  A u t u m n .  
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4 . 1 . 3  M a r k - r e c a p t u r e  e s t i m a t e s  
R e m o v a l  o f  a  f i n  c l i p  f r o m  e a c h  f i s h  f o r  g e n e t i c  a n a l y s i s  g a v e  t h e  o p p o r t u n i t y  t o  i n v e s t i g a t e  
s i t e  f i d e l i t y  o f  s a l m o n  p a r r .  P e r c e n t a g e  r e c a p t u r e  g i v e s  a n  e s t i m a t e  o f  s i t e  f i d e l i t y ,  h o w e v e r ,  
e f f i c i e n c y  o f  e l e c t r i c  f i s h i n g  a n d  t h e  p o s s i b i l i t y  o f  p a r r  m o r t a l i t y  m u s t  b e  t a k e n  i n t o  a c c o u n t .  
R e c a p t u r e  r a t e s  v a r i e d  b e t w e e n  0 %  a n d  9 0 % ,  a n d  v a r i e d  b o t h  b e t w e e n  s i t e s  a n d  b e t w e e n  
y e a r s  ( T a b l e  4 . 1 . 1 . ) .  R e c a p t u r e  r a t e s  w e r e  a d j u s t e d  b y  t h e  e l e c t r i c  f i s h i n g  e f f i c i e n c y  f o r  e a c h  
s i t e  t o  g i v e  t h e  b e s t  e s t i m a t e  o f  t h e  r e c a p t u r e  r a t e .  M o r e  t h a n  1 0 %  r e c o v e r y  o f  m a r k e d  f i s h  
w a s  f o u n d  f o r  7 0 %  o f  t h e  s i t e s  a n d  i n  o n e  q u a r t e r  o f  s i t e s  > 2 5 %  r e c a p t u r e  w a s  r e c o r d e d .  T h e  
r e s u l t s  s h o w  h i g h  f i d e l i t y  t o  s i t e  f o r  s a l m o n  p a r r  o v e r  t h e  p e r i o d  J u l y  t o  S e p t e m b e r  i n  e a c h  
y e a r  a l t h o u g h  r e s u l t s  a r e  l o w  e n o u g h  i n  m o s t  p l a c e s  t o  b e  c e r t a i n  t h a t  g e n e t i c  s a m p l e s  c o m e  
f r o m  s e v e r a l  s p a w n i n g  s i t e s  a n d  a r e  n o t  j u s t  t h e  p r o g e n y  o f  a  s i n g l e  s e t  o f  p a r e n t s .  
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Table 4.1.1 Percentage recapture of salmon parr, originally fin clipped in June, at 13 sites on the River Frome, Dorset. The values given in 
column 1 for each year were recalculated using the efficiency of electric fishing to give the best estimate of recapture rate (middle 
column). 
Sep-98 Sep-99 Oct-OO 
Rl:caklilatel! Rl:caklilatw Rl:cakllI al<:d 
SITE vir, Rl:capturl: from EF dficil:l1cy EF dlkil:llCy vk, Recapturl: frol11 EF et1kiellcy EF dfidl:llCy Vir, Rl:captllrl: from EF dfidellcy EF dlicil:llCy 
Whitfidd Hatches 57 XI 70 0 0 65 24 28 86 
(; B Can'ier 44 65 6X 23 28 X3 24 29 X3 
South Winterhoume 43 45 95 30 51 59 15 IX X5 
North St.'eam (NMF) 4 5 XO 9 13 67 10 14 71 
Lewdl Mill 23 37 62 14 17 81 10 14 72 
Moreton Ford 4 6 68 14 15 91 6 7 83 
Tadnoll Heath 22 27 82 0 94 43 59 73 
East Burton 10 23 44 30 71 42 4 6 68 
Waterbam Stream 13 17 76 28 62 45 3 4 83 
Bindon Mill Stream 13 3 4 70 8 9 90 
Wool stream 0 86 9 11 84 
E Stoke 13 15 87 40 63 64 0 0 67 
ESMS 35 39 89 90 106 85 12 16 75 
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4 . 1 . 4  P a r r  d e n s i t y  
D e n s i t y  o f  0 +  p a r r  w a s  e s t i m a t e d  f r o m  t h e  s t a n d a r d  c a t c h  d e p l e t i o n  m e t h o d .  T h e  v a r i a t i o n  i n  
d e n s i t y  b e t w e e n  s i t e s  i n  a n y  y e a r  w a s  h i g h .  P e r  s i t e  d e n s i t y  v a r i e d  b e t w e e n  0 . 1 9  a n d  1 4 . 7  
i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  J u l y  1 9 9 8 ,  b e t w e e n  1 . 0 2  a n d  1 5 . 0 8  i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  
S e p t e m b e r  1 9 9 8 ,  b e t w e e n  0 . 2 5 2  a n d  6 . 9 7  i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  N o v e m b e r  1 9 9 8 ,  b e t w e e n  
0 . 0 2 7  a n d  2 2 . 1 3  i n  J u l y  1 9 9 9 ,  b e t w e e n  0 . 0 8 8  a n d  1 2 . 7 5  i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  S e p t e m b e r  
1 9 9 8 ,  b e t w e e n  6 . 3  a n d  4 9 . 4 9  i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  J u l y  2 0 0 0  a n d  b e t w e e n  1 . 7  a n d  1 0 . 1 3  
i n d i v i d u a l s  p e r  1 0 0  m
2  
i n  O c t o b e r  2 0 0 0  ( T a b l e  4 . 1 . 2 . ) .  
T a b l e  4 . 1 . 2 	  D e n s i t y  o f  0 +  s a l m o n  p a r r  i n  t h e  R i v e r  F r o m e  a t  1 9  s i t e s  i n  t h e  s t u d y  p e r i o d  
1 9 9 8 - 2 0 0 0  ( * =  n o t  s a m p l e d )  
S i t e  J U L Y  
S E P T  
N O V  
J U L Y  
S E P T  J U L Y  O C T  
1 9 9 8  
1 9 9 8  1 9 9 8  1 9 9 9  1 9 9 9  2 0 0 0  2 0 0 0  
M u c k l e f o r d  B r i d . g e  
0 . 1 9  
3 . 7 2  
*  
0 . 1 1  
2 . 5 4  
*  
3 . 7 2  
W h i t f i e l d  H a t c h e s  
0 . 8 2  2 . 1 2  2 . 8 2  1 . 9 5  6 . 3  3 . 7 4
*  
D o r c h e s t e r  S / W  0  
1 . 0 2  
*
*  
*  *
*  
G r e y s  B r i d . g e  1 . 5 4  
7 . 4 5  
3 . 0 1  
4 . 9 2  
4 . 2 9  8 . 5 5  7 . 5 9 
  
S o u t h  W i n t e r b o u m e  3 . 4 3  4 . 2 7  
7 . 1 2  
6 . 8 2  
2 9 . 9 7  
5 . 7 9 

*  
N o r r i s  M i l l  
1 . 7 2  
4 . 1 8  1 8 . 3 2  
1 2 . 7 5  
6 . 4 7  
1 . 7
*  
L e w e l l  M i l l  
7 . 6 5  
9 . 6 5  
6 . 5 6  
7 . 5 2  
1 1 . 8 1  
7 . 7 9
*  
M o r t o n  F o r d  1 4 . 7  1 3 . 6 9  
7 . 1 1  
2 . 5 4  
1 0 . 8 2  
7 . 2
*  
M o r t o n  C a r r i e r  0 . 9 2  1 . 3 1  
* * *  *
*  
O w e r m o i g n e  T a d n o l l  
0  1 . 6 1  
*
*
*  *
*  
K n a p p  T a d n o l l  
0  
0  
*
*  
*  
*
*  
W i n f r i t h  T a d n o l l  2 . 7 1  3 . 8 6  
3 . 3 1  
8 . 7  0  3 . 6 5
*  
E a s t  B u r t o n  
1 1 . 7  
1 5 . 0 8  2 . 4 2  9 . 8 2  4 9 . 6 9  6 . 6 2
*  
W a t e r b a r n  S t r e a m  
7 . 6 5  
6 . 5 9  2 . 5 2  7 . 4 3  
4 . 7 8  
1 2 . 2 6  1 0 . 1 3 
  
W o o l  S t r e a m  
0  
4 . 2 4  
5 . 1 2  2 . 7 6  
3 . 2 7  
2 4 . 0 1  8 . 1 9 
  
B i n d o n  M i l l  S t r e a m  8 . 8  
1 . 3 2  6 . 8 7  2 2 . 1 3  6 . 2 9  
3 3 . 3 5  1 0 . 0 5 
  
E a s t  S t o k e  5 . 0 4  
3 . 1 2  1 . 7 4  9 . 8 5  6 . 6 7  9 . 3 9 

*  
E .  S t o k e  M i l l  S t r e a m  
1 . 7 6  
5 . 5 2  2 . 7 5  6 . 0 9  6 . 0 1  
1 0 . 1 1  
7 . 6 6 
  
W e s t  H o l m e  0  0  0 . 0 2 7  0 . 0 8 8  0  
0 

*  
D e n s i t y  w a s  i n d e p e n d e n t  o f  d i s t a n c e  f r o m  s o u r c e  ( F i g  4 . 1 . 2 . ) .  D e n s i t y  w a s  i n d e p e n d e n t  o f  
f l o w  c a t e g o r y  o f  t h e  r i v e r  ( R
2  
<  0 . 2 2  f o r  e a c h  o f  J u l y  a n d  S e p t e m b e r  s a m p l e s  i n  a l l  y e a r s  
( T a b l e  4 . 1 . 3 . ) ) .  T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  y e a r s  a t  m a n y  o f  t h e  s i t e s  ( n o n ­
o v e r l a p p i n g  c o n f i d e n c e  i n t e r v a l s )  a l t h o u g h  t h e r e  w a s  n o  c o n s i s t e n t  p a t t e r n  ( F i g  4 . 1 . 2 . ) .  T h i s  
v a r i a t i o n  d e p e n d s  n o t  o n l y  o n  t h e  h a b i t a t  q u a l i t y  b u t  a l s o  t h e  d e n s i t y  o f  s p a w n i n g  f i s h  t h e  
p r e v i o u s  y e a r .  S o m e  s i t e s  w h e r e  s a l m o n  p a r r  w e r e  n o t  f o u n d  h a d  s u i t a b l e  h a b i t a t  f o r  
s p a w n i n g  a n d  j u v e n i l e s  b u t  t h e  l o w  n u m b e r  o f  s p a w n i n g  a d u l t s  «  1 0 0 0  c o m p a r e d  t o  u p  t o  
4 0 0 0  i n  t h e  1 9 8 0 s )  i n d i c a t e s  t h a t  o v e r a l l  t h e  r i v e r  i s  b e l o w  i t s  c a r r y i n g  c a p a c i t y .  
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T a b l e  4 . 1 . 3 	  R
2  
v a l u e s  a n d  s i g n i f i c a n c e  o f  r e l a t i o n s h i p  b e t w e e n  s a l m o n  p a r r  d e n s i t y  a n d  
f l o w  r a t e  c a t e g o r y  
D a t e  
R "  
D e g r e e s  o f  f r e e d o m  
S i g n i f i c a n c e  
J U L Y  1 9 9 8  0 . 1 5 4 6  1 4  N S  
S E P T  1 9 9 8  0 . 2 2 1 7  1 6  N S  
J U L Y  1 9 9 9  0 . 1 7 7 7  
1 3  
N S  
S E P T  1 9 9 9  4 E - 0 5  1 4  N S  
J U L Y  2 0 0 0  0 . 1 7 5 3  1 1  N S  
S E P T  2 0 0 0  0 . 1 2 8 7  
1 3  N S  
2 9 
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F i g u r e  4 . 1 . 2  ( C o n t i n u e d )  
I t  w a s  p o s s i b l e  t o  d e t e r m i n e  d e n s i t y  f r o m  m a r k  r e c a p t u r e  r a t e s  a n d  t o  c o m p a r e  t h e s e  w i t h  t h e  
m o r e  u s u a l  c a t c h  d e p l e t i o n  m e t h o d  b a s e d  o n  r e p e a t  e l e c t r i c  f i s h i n g  o f  a  r e a c h  o f  r i v e r .  I n  t h i s  
s t u d y ,  f i n  c l i p p i n g  f o r  g e n e t i c  a n a l y s i s  p r o v i d e d  s u c h  a  m a r k  a n d  a  d e n s i t y  e s t i m a t e  w a s  
p r o d u c e d  f r o m  t h e  r e c a p t u r e  d a t a  ( T a b l e  4 . 1 . 4 . ) .  T h e  d e n s i t y  e s t i m a t e s  f r o m  m a r k  r e c a p t u r e  
w e r e  h i g h e r  t h a n  t h o s e  f o r  c a t c h  d e p l e t i o n .  C a t c h  d e p l e t i o n  i s  t h e  m o s t  r o b u s t  m e t h o d  w h e r e  
e l e c t r i c  f i s h i n g  e f f i c i e n c y  i s  h i g h  ( a s  i n  t h i s  s t u d y )  a n d  t h i s  s u g g e s t s  t h a t  t h e  n u m b e r  o f  
r e c a p t u r e s  w a s  l e s s  t h a n  i t  s h o u l d  h a v e  b e e n .  B o t h  m e t h o d s  d e p e n d  o n  i m m i g r a t i o n  a n d  
e m i g r a t i o n  f r o m  t h e  s t u d y  s i t e  b e i n g  e q u a l .  H o w e v e r ,  i m m i g r a t i n g  i n d i v i d u a l s  w o u l d  h a v e  
b e e n  u n m a r k e d  w h e r e a s  m a r k e d  f i s h  m a y  h a v e  e m i g r a t e d .  T h i s  w o u l d  a c c o u n t  f o r  t h e  l o w e r  
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t h a n  e x p e c t e d  r e c a p t u r e  r a t e  a n d  a g a i n  i s  e v i d e n c e  t h a t ,  a l t h o u g h  s i t e  f i d e l i t y  i s  h i g h  ( s e e  
a b o v e )  t h e r e  m u s t  h a v e  b e e n  s o m e  m o v e m e n t  o f  p a r r  i n t o  a n d  o u t  o f  t h e  s t u d y  r e a c h e s  a n d  
t h e r e f o r e  t h e  s a m p l i n g  f o r  g e n e t i c  a n a l y s i s  w a s  n o t  n e c e s s a r i l y  l i m i t e d  t o  t h e  p r o g e n y  o f  a  
l o w  n u m b e r  o f  p a i r s .  
T a b l e  4 . 1 . 4 	  C o m p a r i s o n  o f  d e n s i t y  e s t i m a t e s  f o r  s a l m o n  p a r r  a t  e a c h  s i t e  u s i n g  c a t c h  
d e p l e t i o n  ( D
c p
)  a n d  m a r k  r e c a p t u r e  ( D
M R
)  m e t h o d s  
S e T  - 9 8  
S e  - 9 9  
S e l ) - O O  
S i t e  D
C D  
D
M R  
D
C D  
D
M R  
D
C D  
D
M R  
M u c k l e f o r d  B r i d . g e  3 . 7 2  3 . 4 5  
0 . 1 1  2 . 2  
3 . 7 2  
*  
W h i t f i e l d  H a t c h e s  
2 . 1 2  
3 . 4 3  
2 . 8 2  3 . 7 4  
1 6 . 0 8
*  
G r e y s  B r i d . g e  7 . 4 5  
1 5 . 8  4 . 9 2  
1 8 . 6 3  7 . 5 9  3 2 . 0 8  
S . W i n t e r b o u r n e  4 . 2 7  1 0 . 0 3  
7 . 1 2  1 8 . 8 4  
5 . 7 9  3 8 . 6 6  
N o r r i s  M i l l  4 . 1 8  
1 0 5 . 0  1 8 . 3 2  1 0 8 . 1 4  
1 . 7  5 7 . 8  
L e w e l l  M i l l  9 . 6 5  
3 6 . 5 1  
6 . 5 6  
5 4 . 3 6  
7 . 7 9  7 0 . 7 6  
M o r t o n  F o r d  1 3 . 6 9  
3 4 5 . 0  7 . 1 1  
1 2 . 6  7 . 2  
1 1 2 . 3 6  
W i n f r i t h  T a d n o l l  
3 . 8 6  1 8 . 8 6  3 . 3 1  
3 . 6 5  8 . 4
*  
E a s t  B u r t o n  
1 5 . 0 8  9 9 . 0 2  2 . 4 2  2 2 . 4  
1 0 . 1 3  
2 2 6 . 8 
  
W a t e r b a r n  S t r e a m  
6 . 5 9  4 5 . 9 9  
7 . 4 3  
1 4 . 5 7  6 . 6 2  1 9 4 . 3 7 
  
W o o l  S t r e a m  
4 . 2 4  
2 . 7 6  8 . 1 9  
1 0 1 . 6 4 

*
*  
B i n d o n  M i l l  S t r e a m  
1 . 3 2  
2 2 . 1 3  
2 3 1 . 4 6  
1 0 . 0 5  
1 0 8 . 5 3
*  
E a s t  S t o k e  
3 . 1 2  2 3 . 0  
1 . 7 4  
1 6 . 5 1  
9 . 3 9  
*  
E .  S t o k e  M i l l  S t r e a m  
5 . 5 2  1 6 . 2 6  
6 . 0 9  6 . 6  7 . 6 6  5 9 . 8 5  
W e s t  H o l m e  0  8 . 8  0
* *  
*  
4 . 1 . 5  E f f e c t  o f  p r e d a t o r s  o n  d e n s i t y  
A t  t h e  s a m e  t i m e  t h a t  p a r r  w e r e  b e i n g  s a m p l e d ,  i n f o r m a t i o n  w a s  c o l l e c t e d  o n  t h e  n u m b e r  o f  
l a r g e  e e l s  ( > 4 0  e m ) ,  l a r g e  t r o u t  ( > 2 5  e m )  a n d  p i k e  ( a l l  s i z e s )  w i t h i n  e a c h  s e c t i o n  a s  a  p o s s i b l e  
i n d i c a t i o n  o f  l o c a l  p r e d a t i o n  p r e s s u r e s  o n  s t o c k s  o f  j u v e n i l e  s a l m o n .  I n  a l l  t h r e e  y e a r s  i n  J u l y ,  
t h e r e  w a s  a  s i g n i f i c a n t  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  d e n s i t y  o f  s a l m o n  p a r r  a n d  t h e  n u m b e r  o f  
p r e d a t o r y  t r o u t  ( F i g  4 . 1 . 3 . ) .  T h i s  m a y  n o t  b e  a  c a u s a l  r e l a t i o n s h i p  a s  s a l m o n  p a r r  a n d  a d u l t  
t r o u t  a r e  k n o w n  t o  o c c u p y  d i f f e r e n t  h a b i t a t s .  H o w e v e r ,  a l l  s i t e s  w e r e  c h o s e n  t o  b e  g o o d  
h a b i t a t s  f o r  s a l m o n  p a r r  a n d  i t  i s  k n o w n  t h a t  a d u l t  t r o u t  d o  e a t  j u v e n i l e  s a l m o n .  
N o  r e l a t i o n s h i p s  w e r e  f o u n d  b e t w e e n  s a l m o n  p a r r  d e n s i t y  a n d  t h e  n u m b e r  o f  p r e d a t o r y  e e l s  
( R
2  
= 0 . 0 0 ( ) 3  - 0 . 3 6 ,  p » 0 . ( 5 ) .  F r o m  g u t  a n a l y s i s  s t u d i e s ,  e e l s  a r e  k n o w n  t o  e a t  s a l m o n  p a r r  
( M a n n  e t  a l  1 9 8 9  a n d  p e r s  o b s . ) .  M a n n  ( 1 9 8 9 )  h o w e v e r  f o u n d  t h a t  s a l m o n  p a r r  a r e  n o t  a  l a r g e  
p r o p o r t i o n  o f  t h e i r  d i e t  a n d  g i v e n  t h a t  e e l s  d o  n o t  o c c u p y  t h e  s a m e  h a b i t a t  n i c h e  a s  s a l m o n  
p a r r ,  i n t e r a c t i o n s  m a y  b e  e x p e c t e d  t o  b e  l o w ;  a l t h o u g h  i t  i s  n o t  k n o w n  w h e t h e r  e e l s  m i g r a t e  t o  
s a l m o n  p a r r  h a b i t a t s  a t  n i g h t  t o  f e e d .  
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6  
Y  =  - 0 . 1 0 4 4 x  +  4 . 2 3 0 1  
~ 5 .  
•  
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N o .  o f  p r e d a t o r y  t r o u t  
J u l y  2 0 0 0  
~4 
Y  =  - 0 . 0 6 4 2 x  +  2 . 0 6 3 3  
R 2  =  0 . 3 0 1 3  
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I I I  
c  
C D  
" ' C  
. . .
. . .  
t i l  
Q .  0  
0  
5  
1 0  
1 5
2 0  
2 5 3 0  
N o .  o f  p r e d a t o r y  t r o u t  
F i g u r e  4 . 1 . 3 	  R e l a t i o n s h i p  b e t w e e n  t h e  d e n s i t y  o f  s a l m o n  p a r r  a n d  t h e  n u m b e r  o f  p r e d a t o r y  
t r o u t  i n  t h e  R i v e r  F r o m e  
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4 . 1 . 6  H a b i t a t  c h a r a c t e r i s t i c s  
T h e  d i s t r i b u t i o n s  a n d  p o p u l a t i o n  d e n s i t i e s  o f  j u v e n i l e  s a l m o n  h a v e  b e e n  r e l a t e d  t o  m e a s u r e d  
h a b i t a t  c h a r a c t e r i s t i c s  d e t e r m i n e d  o n  t h e  b a s i s  o f  t h e  e s t a b l i s h e d  H A B S C O R E  V  m e t h o d o l o g y .  
H A B S C O R E  i s  a  m o d e l  t h a t ,  b y  c a l c u l a t i n g  a  H a b i t a t  Q u a l i t y  S c o r e  ( H Q S ) ,  a t t e m p t s  t o  p r e d i c t  
p o t e n t i a l  d e n s i t i e s  o f  j u v e n i l e  s a l m o n i d s .  P h y s i c a l  a n d  b i o t i c  h a b i t a t  c h a r a c t e r i s t i c s  a r e  u s e d  
i n  t h e  m o d e l  a n d  i t  i s  b e l i e v e d  t o  b e  a n  e f f e c t i v e  p r e d i c t o r  o f  p a r r  d e n s i t i e s  i n  a l l  w a t e r s .  
H Q S s  w e r e  d e t e r m i n e d  f o r  a l l  s i t e s  s a m p l e d .  P r e d i c t i o n s  d e p e n d  h e a v i l y  o n  l i n k  n u m b e r s ,  
t h e s e  a r e  d e r i v e d  f r o m  t h e  s t r e a m  o r d e r  a n d  t h e  n u m b e r  o f  t r i b u t a r i e s  o f  a  g i v e n  s i z e  u p s t r e a m  
o f  a  g i v e n  s i t e .  I n  m o s t  c a s e s ,  p r e d i c t e d  s c o r e s  ( e q u i v a l e n t  t o  t h e  c a r r y i n g  c a p a c i t y  o f  t h e  
r i v e r  a t  t h o s e  s i t e s )  w e r e  f a r  i n  e x c e s s  o f  d e n s i t i e s  f o u n d  b y  e l e c t r i c  f i s h i n g  s u r v e y s .  W h i l s t  
t h i s  m a y  h a v e  b e e n  e x p e c t e d ,  g i v e n  t h e  l o w  n u m b e r s  o f  s a l m o n  i n  t h e  r i v e r  c o m p a r e d  w i t h  
h i s t o r i c a l  r e c o r d s ,  i t  w a s  f e l t  t h a t  t h e  H A B S C O R E  m e t h o d o l o g y  w a s  n o t  a p p r o p r i a t e  t o  c h a l k  
s t r e a m s .  T h e  s c o r e s  w e r e  r e c a l c u l a t e d  u s i n g  o n l y  t r i b u t a r i e s  w h i c h  w e r e  k n o w n  t o  b e  
a p p r o p r i a t e  h a b i t a t s  f o r  s a l m o n  j u v e n i l e s ,  a s  i s  t h e  c a s e  i n  a l l  o t h e r  r i v e r s  w h e r e  t h i s  m e t h o d  
h a s  b e e n  a p p l i e d ,  b u t  i s  n o t  t r u e  f o r  c h a l k  s t r e a m s .  T h i s  r e d u c e d  t h e  H Q S  t o  a  m o r e  r e a l i s t i c  
l e v e l .  
D e n s i t i e s  o f  s a l m o n  p a r r  w e r e  r e l a t e d  t o  t h e  H Q S  a s  p e r c e n t a g e s  ( T a b l e  4 . 1 . 5 . ) .  T h u s  v a l u e s  
o f  < 1 0 0  s h o w  d e n s i t i e s  b e l o w  t h e  c a r r y i n g  c a p a c i t y  a n d  v i c e  v e r s a .  N e i t h e r  t h e  H Q S  n o r  a n y  
o f  t h e  i n d i v i d u a l  h a b i t a t  c a t e g o r i e s  u s e d  i n  H A B S C O R E  w e r e  c o r r e l a t e d  w i t h  p a r r  d e n s i t y .  
H a b i t a t  c h a r a c t e r i s t i c s  u s e d  w e r e  p e r c e n t a g e s  o f  s u b m e r g e d  v e g e t a t i o n ,  t u r b u l e n t  s h a l l o w  
w a t e r ,  d e e p  a n d  s h a l l o w  g l i d e s ,  d e e p  a n d  s h a l l o w  r u n s .  I n  a l l  c a s e s ,  s c a t t e r  p l o t s  o f  d e n s i t y  
a g a i n s t  p e r c e n t a g e  o f  e a c h  h a b i t a t  c h a r a c t e r i s t i c  s h o w e d  n o  d i s c e r n a b l e  p a t t e r n .  I t  i s  c l e a r  
f r o m  r e s u l t s  ( T a b l e  4 . 5 . )  t h a t  d e n s i t i e s  o v e r  t e n  t i m e s  t h e  c a r r y i n g  c a p a c i t y  w e r e  f o u n d  i n  
p l a c e s .  I t  s h o u l d  b e  n o t e d ,  h o w e v e r ,  t h a t  H A B S C O R E  s u r v e y s  s h o u l d  b e  c o n d u c t e d  o v e r  a  
r a n g e  o f  h a b i t a t s  i n  o n e  r e a c h .  I n  t h i s  c a s e ,  b e c a u s e  l a r g e  n u m b e r s  o f  p a r r  w e r e  n e e d e d  f o r  
g e n e t i c  a n a l y s i s ,  s i t e s  a n d  h a b i t a t s  w e r e  s e l e c t e d  w h e r e  t h e r e  w a s  a  h i g h  p r o b a b i l i t y  o f  
f i n d i n g  p a r r  a n d  t h u s  t h e  H Q S  v a l u e  w a s  b a s e d  o n  a n  u n r e p r e s e n t a t i v e  s e c t i o n .  G i v e n  t h i s ,  
h o w e v e r ,  t h e r e  w a s  a  l a r g e  v a r i a t i o n  i n  d e n s i t y  r e l a t i v e  t o  H Q S  ( T a b l e  4 . 1 . 5 . ) .  F o r  e x a m p l e ,  
l o w  v a l u e s  w e r e  f o u n d  a t  M u c k l e f o r d  B r i d g e  a n d  W h i t f i e l d  H a t c h e s .  T h e s e  t w o  s i t e s  a r e  
u p s t r e a m  o f  a  g a u g i n g  w e i r  a t  D o r c h e s t e r  w h i c h  i s  k n o w n  t o  b e  a  b a r r i e r  t o  m i g r a t i o n  o f  
a d u l t s  ( S o l o m o n  2 0 0 0 ) .  F o u r  s i t e s ,  M o r t o n  F o r d ,  W a t e r b a r n  S t r e a m ,  E a s t  B u r t o n  a n d  B i n d o n  
M i l l s t r e a m  s h o w e d  c o n s i s t e n t l y  h i g h  r e s u l t s .  T h e  g r a v e l  a t  t h e s e  s i t e s  h a d  b e e n  p r e s s u r e  
w a s h e d  t o  r e m o v e  f i n e  s e d i m e n t .  T h e  s u r v i v a l  r a t e  o f  e g g s  c a n  b e  i n c r e a s e d  b e t w e e n  o n e  a n d  
t w o  o r d e r s  o f  m a g n i t u d e  i n  t h i s  w a y  a n d  i s  t h e  p r o b a b l e  c a u s e  o f  t h e  r e s u l t s .  R e s u l t s  a l s o  
s h o w  t h e  i m p o r t a n c e  o f  s i d e  s t r e a m s  a s  n u r s e r y  a r e a s  f o r  s a l m o n .  T h e s e  i n c l u d e  c a r r i e r s  a n d  
m i l l s t r e a m s ,  o r i g i n a l l y  m a n  m a d e  b u t  n o w  e s s e n t i a l  i n  t h e  s u r v i v a l  o f  t h i s  t h r e a t e n e d  s p e c i e s .  
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Table 4.1.5 Habitat Quality Score (HQS) values and density percentage of the HQS 
Jul-n Scpt~9~u  Nov-98 Jul-99 .. uuuu.uuuu.~~pt.~.~2uumuuuuuuuuuuuu)ul-00 Sept-OO 
D~% D~% D~% Du% D~%  D~%  Du% 
HQS or HQS HQS of HQS HQS of HQS HQS of HQS HQS of HQS HQS of HQS HQS of HQS 
Muckleford bridge 34.03 1 6.59 56 4.67 19 13.41 2 54.1 28 
Whitfield Hatches 41.54 2 27.09 8 7.86 13 15.08 36 111.1 24 36.68 40 
Greys Bridge 3.16 49 11.5 65 35.79 8 4.38 39 10.96 112 2.88 1140 10.92 240 
S. Winterb::JUrne 4.71 73 0.91 469 4.85 336 2.03 147 14.55 776 2.64 793
 
Norris Mill 41.47 4 53.63 8 38.17 7 177.1 48 122.2 22 96.7 7
 
Lewell Mill 12.9 26 15.14 64 20.74 32 23.66 32 35.62 141 204.4 17
 
Morton Fo~d 0.7 2100 3.69 371 3.7 470 0.54 192 4.79 894 3.1 857
 
Winfrith Tldnoll 10.97 25 8.07 48 4.55 49 17.7 73 45.84 0 12.87 99
 
Waterbarn Stream 4.24 180 5.31 124 22.61 II 2.08 810 12.47 324 9.55 2004 2.6 988
 
E. Burton 16.66 70 5.25 287 2.29 79 0.59 116 21.09 255 44.77 104
 
Wool Strecm 2.94 0 .68 624 0.44 1164 1.16 217 1.51 238 7.4 1072 6.75 431
 
Bindon Millstream 2.68 328 1.44 92 2.22 309 2.46 379 1.66 900 13.94 929 13.39 266
 
E. Stoke 9.81 51 3.62 86 1.23 82 12.02 141 6.94 570 1.89 3238 
E. Stke Millstream 10.56 17 6.55 84 7.06 39 10.17 143 4.19 60 87.02 50 8.25 361 
... 'OPOQI ~M""iQQ'  ~  '9i 7Q IQ 1<7 N ~.."  "I''' "'" __ M~I9'IOIP9Y9<~  "0,\01';1\;11'" _ 1\1' _i'Q'~'"  1'9' ",;IQl/'I"~_ _IOI'I'OQW'I_ '9l19ll''C'I9QQ';V~~••• 
34
 
4 . 1 . 7  P a r r  l e n g t h  
S i g n i f i c a n t  v a r i a t i o n  i n  p a r r  l e n g t h  b e t w e e n  s i t e s  w a s  d e t e c t e d  a t  e a c h  s a m p l e  t i m e  ( p < O . O O I ) .  
T h e r e  w a s  n o  r e l a t i o n s h i p  b e t w e e n  m e a n  p a r r  l e n g t h  a n d  d i s t a n c e  f r o m  s o u r c e  ( R
2  
=  0 . 0 2 ­
0 . 2 5 ,  p >  0 . 0 5 )  e x c e p t  f o r  o n e  o c c a s i o n  ( J u l y  2 0 0 0 ,  R
2  
=  0 . 3 3 ,  p < 0 . 0 5 ) .  A  c o n t r i b u t o r y  f a c t o r  
i n  t h i s  i s  t h e  b r a i d e d  s e c t i o n s  o f  t h e  r i v e r  a n d  t h e  m i l l  s t r e a m s ,  w h e r e  d i s t a n c e  f r o m  s o u r c e  i s  
n o t  l i n k e d  t o  n o w  b u t  i s  d e p e n d e n t  o n  t h e  s i z e  a n d  n u m b e r  o f  c h a n n e l ( s ) .  L e n g t h  i s  d e p e n d e n t  
o n  g r o w t h  r a t e  w h i c h  i n  t u r n  i s  i n f l u e n c e d  b y  t e m p e r a t u r e  a n d  f o o d  a v a i l a b i l i t y .  G e n e r a l l y ,  
r i v e r s  a r e  m o r e  p r o d u c t i v e  i n  t h e  h i g h e r  n o w  c a t e g o r i e s  a n d  f o r  i n d i v i d u a l  f i s h ,  f e e d i n g  
a l m o s t  e x c l u s i v e l y  o n  d r i f t i n g  i n v e r t e b r a t e s ,  t h e  r a t e  o f  p a s s a g e  o f  f o o d  p a s t  t h e i r  f e e d i n g  
s t a t i o n  w i l l  i n c r e a s e  w i t h  i n c r e a s i n g  f l o w  c a t e g o r y  a n d  a l t h o u g h  s w i m m i n g  c o s t s  w i l l  b e  
g r e a t e r ,  t h e  n e t  e n e r g y  g a i n  s h o u l d  b e  h i g h e r .  
4 . 1 . 8  P a r r  g r o w t h  r a t e  
C o m p a r i s o n s  w e r e  m a d e  b e t w e e n  s i t e  d e n s i t y  a n d  g r o w t h  r a t e .  I n  1 9 9 8  J u l y  s a l m o n  p a r r  
d e n s i t y  w a s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  M a y  t o  J u l y ,  J u l y  t o  S e p t e m b e r  a n d  M a y  t o  
S e p t e m b e r  I n s t a n t a n e o u s  g r o w t h  r a t e s .  W h i l s t  h o w e v e r  J u l y  s a l m o n  p a r r  d e n s i t y  w a s  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  S e p t e m b e r  d e n s i t y ,  n o  c o r r e l a t i o n  b e t w e e n  S e p t e m b e r  d e n s i t y  
a n d  a n y  o f  t h e  g r o w t h  r a t e s  c o u l d  b e  f o u n d .  I n  1 9 9 9  n o  c o r r e l a t i o n  b e t w e e n  J u l y  o r  
S e p t e m b e r  d e n s i t y  a n d  g r o w t h  r a t e s  w e r e  f o u n d ;  a l t h o u g h  J u l y  d e n s i t y  a n d  J u l y  t o  a u t u m n  
a n d  M a y  t o  a u t u m n  g r o w t h  r a t e s  w e r e  o n l y  j u s t  n o n - s i g n i f i c a n t .  T h e  1 9 9 9  J u l y  a n d  
S e p t e m b e r  d e n s i t i e s  w e r e  n o t  c o r r e l a t e d .  I n  2 0 0 0  s i g n i f i c a n t  c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  
J u l y  p a r r  d e n s i t i e s  a n d  J u l y  t o  O c t o b e r  a n d  M a y  t o  O c t o b e r  g r o w t h  r a t e s  b u t  a s  w i t h  o t h e r  
y e a r s  n o  c o r r e l a t i o n  c o u l d  b e  f o u n d  w i t h  a u t u m n  d e n s i t i e s  a n d  g r o w t h  r a t e s .  T h e  J u l y  a n d  
O c t o b e r  p a r r  d e n s i t i e s  w e r e  n o t  s i g n i f i c a n t l y  c o r r e l a t e d .  
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4 . 2  G e n e t i c  A n a l y s i s  
4 . 2 . 1  D N A  e x t r a c t i o n  
D N A  w a s  e x t r a c t e d  f r o m  2 0 9 9  f i n  c l i p s  a n d  s t o r e d  a t  - 2 0 ° C .  D N A  r e m a i n e d  s u i t a b l e  f o r  
a m p l i f i c a t i o n  b y  m i c r o s a t e l l i t e  p r i m e r s  e v e n  a f t e r  s t o r a g e  f o r  t h r e e  y e a r s .  N u m b e r s  o f  
s a m p l e s  u s e d  f o r  g e n e t i c  a n a l y s i s  v a r i e d  b e t w e e n  s i t e s  a n d  b e t w e e n  y e a r s  ( T a b l e  4 . 2 . 1  a n d  
F i g u r e s  4 . 2 . 1 - 4 . 2 . 7 . )  
T a b l e  4 . 2 . 1 	  N u m b e r s  o f  s a m p l e s  u s e d  f o r  g e n e t i c  a n a l y s i s  f o r  7  s a m p l e  t i m e s  
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N o n e  
3 0 6  
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F i g u r e  4 . 2 . 1 	  N u m b e r  o f  j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  J u l y  
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F i g u r e  4 . 2 . 2 	  N u m b e r  o f  j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  
S e p t e m b e r  1 9 9 8  
3 7 
  
N o v e m b e r  1 9 9 8  
1 2  I  I  
1 0 
  
8 
  
6  
~ 1 , , I  , , , , U ,  , , . I .  , . I .  , , , , I  
oo~Im~~moooooo<m~~~~ou~~~oo 
m~~~Z~WW~~I~~m~oo~~~~OO 
0 0
W  
s i t e  
F i g u r e  4 . 2 . 3 	  N u m b e r  o f j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  
N o v e m b e r  1 9 9 8  
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F i g u r e  4 . 2 . 4 	  N u m b e r  o f j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  J u l y  
1 9 9 9  
S e p t e m b e r  1 9 9 9  
4 0  I I  
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3 0  
2 5  
2 0  
1 5  
1 0  
5  
o  1 - ,  1 - ' - ' - ' - ' - ; - ' - , - ' - ' - ,  , - , - , - , - ,  , - ,  i  I  I  
oo~Im~~moooooo<m~~~~ou~~~oo 
m~~~z~wW~~I~~m~oo~~~~oo 
0 0  
W  
s i t e  
F i g u r e  4 . 2 . 5 	  N u m b e r  o f  j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  
S e p t e m b e r  1 9 9 9  
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F i g u r e  4 . 2 . 6 	  N u m b e r  o f j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  J u l y  
2 0 0 0  
O c o b e r  2 0 0 0  
3 5  I ,  
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F i g u r e  4 . 2 . 7 	  N u m b e r  o f  j u v e n i l e  S .  s a l a r  a n a l y s e d  p e r  s i t e ,  R i v e r s  F r o m e  a n d  P i d d l e ,  
O c t o b e r  2 0 0 0  
4 . 2 . 2  M i c r o s a t e l l i t e  o p t i m i s a t i o n  
O f  t h e  1 5  p r i m e r s  c l o n e d  f r o m  S .  s a l a r  w h i c h  w e r e  s e l e c t e d  o n  t h e  b a s i s  o f  p r o d u c t  s i z e ,  
p o l y m o r p h i s m  a n d  h e t e r o z y g o s i t y ,  p e R  c o n d i t i o n s  w e r e  f u l l y  o p t i m i s e d  f o r  6  p r i m e r s ;  S s a  
2 0 2 ,  S s a  1 7 1 ,  S s a  1 9 7 ,  S s a  2 8 9 ,  S s o s l  8 5  a n d  S s o s l  4 1 7  ( T a b l e  4 . 2 . 2 ) .  T h e s e  p r i m e r s  
a m p l i f i e d  p r o d u c t s  w h i c h  w e r e  c l e a r l y  r e s o l v e d  b y  s i z e  u s i n g  p o l y a c r y l a m i d e  s e q u e n c i n g  
g e l s .  O n e  s a m p l e  w a s  l o a d e d  p e r  l a n e .  P r o d u c t s  w e r e  v i s u a l i s e d  u s i n g  s i l v e r  s t a i n i n g .  
I n d i v i d u a l  f i s h  w e r e  s c o r e d  a s  e i t h e r  a  h o m o z y g o t e  ( b o t h  a l l e l e s  s a m e  s i z e  t h e r e f o r e  o n l y  o n e  
b a n d  v i s i b l e )  o r  a  h e t e r o z y g o t e  ( t w o  b a n d s  v i s i b l e ) .  
T h e  a m o u n t  o f  s t u t t e r  v i s i b l e  a t  d i f f e r e n t  l o c i  w a s  d e p e n d e n t  o n  t h e  s t r u c t u r e  o f  t h e  
m i c r o s a t e l l i t e .  P r i m e r s  S s a  2 0 2  ( F i g u r e  4 . 2 . 8 ) ,  S s a  1 7 1  ( F i g u r e  4 . 2 . 9 )  a n d  S s a  1 9 7  
( F i g u r e  4 . 2 . 1 0 ) ,  a m p l i f y  c o m p o u n d  m i c r o s a t e l l i t e s  a n d  h a d  l e s s  s t u t t e r  b a n d s  t h a n  p r i m e r s  
S s o s l  8 5  ( F i g u r e  4 . 2 . 1 1 ) ,  S s a  2 8 9  ( F i g u r e  4 . 2 . 1 2 )  a n d  S s o s l  4 1 7  ( F i g u r e  4 . 2 . 1 3 )  w h i c h  
a m p l i f y  d i n u c l e o t i d e  m i c r o s a t e l l i t e s .  L o c u s  S s o s l  4 1 7  h a d  a  b a n d  s m a l l e r  t h a n  t h e  o t h e r  b a n d  
s i z e s  w h i c h  a p p e a r e d  i n  m o s t  s a m p l e s ;  t h i s  b a n d  a p p e a r e d  i n  l a n e s  p o s s e s s i n g  t w o  l a r g e r  
3 9 
  
b a n d s  ( F i g u r e  4 . 2 . 1 3 ,  l a n e  6 )  t h e r e f o r e  t h i s  b a n d  w a s  e x c l u d e d  f r o m  a l l e l e  s c o r e s  a t  t h i s  l o c u s  
( F i g u r e  4 . 2 . 1 4 ) .  
N o  P C R  p r o d u c t s  w e r e  d e t e c t e d  w i t h  p r i m e r  S s a  4  ( M c C o n n e l l  e t  a t .  1 9 9 5 )  u s i n g  R i v e r  
F r o m e  S .  s a l a r  D N A .  P r i m e r  S s a  1 4  ( M c C o n n e l l  e t  a t .  1 9 9 5 )  a m p l i f i e d  a  m o n o m o r p h i c  
p r o d u c t  w h e n  t e s t e d  w i t h  F r o m e  S .  s a l a r  D N A .  P r i m e r s  S s a  8 5  ( O ' R e i l l y  e t  a t .  1 9 9 6 )  S s o s l  
4 3 8 ,  S s o s l  4 3 9 ,  S s o s l  4 4 4  ( S l e t t a n  e t  a t .  1 9 9 7 ) ,  F 4 3 ,  2 0 . 1 9 ,  a n d  D 3 0  ( S a n c h e z  e t  a t .  1 9 9 6 )  
r e q u i r e d  f u r t h e r  o p t i m i s a t i o n .  
T w o  p r i m e r s  c l o n e d  f r o m  S .  t r u t t a ,  J . . t 6 0  a n d  J . . t 7 3  ( E s t o u p  e t  a t .  1 9 9 3 ) ,  w e r e  n o t  u s e d  t o  s c r e e n  
t h e  p o p u l a t i o n  b e c a u s e  a  l o w  n u m b e r  o f  a l l e l e s  w e r e  d e t e c t e d  a n d  t h e  a m p l i f i c a t i o n  p r o d u c t s  
h a d  a  l a r g e  a m o u n t  o f  s t u t t e r  m a k i n g  s c o r i n g  i n a c c u r a t e .  O f  t h e  t w o  p r i m e r s  c l o n e d  f r o m  
O n c o r h y n c h u s  t h a t  w e r e  t e s t e d ,  p r i m e r  O g o l a  w a s  r e j e c t e d  d u e  t o  a m p l i f i c a t i o n  o f  
m o n o m o r p h i c  p r o d u c t s ,  h o w e v e r  p r i m e r  F
G T 1  
m a y  b e  u s e f u l  a f t e r  f u r t h e r  o p t i m i s a t i o n .  
T a b l e  4 . 2 . 2  P C R  a d d i t i v e s  a n d  A n n e a l i n g  T e m p e r a t u r e s  f o r  6  m i c r o s a t e l l i t e  p r i m e r s  
L o c u s  T M A C  f o r m a m i d e  
A T ' / A T b o C  
p u b l i s h e d  r a m p  
A T o C  
S s a  2 0 2  6 0 m M  2 . 5 %  
4 6 / 5 0  5 8  0 . 5  
S s a  1 7 1  6 0 m M  2 . 5 %  
4 6 / 5 0  5 8  0 . 5  
S s a  1 9 7  3 0 m M  1 . 2 5 %  5 0 / 5 4  
5 8  
/  
S s o s l 8 5  
/  /  5 2 / 5 6  
5 5  /  
S s a  2 8 9  6 0 m M  
2 . 5 %  4 4 / 4 8  
4 6  /  
S s o s l 4 1 7  
/  
1 . 2 5 %  
5 8 / 5 6  
5 3  /  
A  r a m p  o f  0 . 5  w a s  a d d e d  t o  t h e  s e c o n d  7 2  ° c  s t e p  f o r  p r i m e r s  S s a  2 0 2  a n d  S s a  1 7 1  t o  i n c r e a s e  p r o d u c t  y i e l d  
2 3 4  
5 6  7  8 l a n e  
' W ( V '  
m i c r o s a t e l l i t e  s t r u c t u r e  ( C A M C T C A h  
F i g u r e  4 . 2 . 8  P C R - a m p l i f i e d  m i c r o s a t e l l i t e  l o c u s  S s a  2 0 2  
2 3  4 5  6 7 8  9 l a n e  
m i c r o s a t e l l i t e  s t r u c t u r e  ( T O T A ) 1 4 ( T O h  
F i g u r e  4 . 2 . 9  P C R - a m p l i f i e d  m i c r o s a t e l l i t e  l o c u s  S s a  1 7 1  
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F i g u r e  4 . 2 . 1 1  P C R - a m p l i f i e d  m i c r o s a t e l l i t e  l o c u s  S s o s l  8 5 
  
m i c r o s a t e l l i t e  s t r u c t u r e  ( G T ) 1 2 
  
F i g u r e  4 . 2 . 1 2  P C R - a m p l i f i e d  m i c r o s a t e l l i t e  l o c u s  S s a  2 8 9 
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F i g u r e  4 . 2 . 1 3  p e R - a m p l i f i e d  m i c r o s a t e l l i t e  l o c u s  S s o s l 4 1 7  i n c l u d i n g  s m a l l  b a n d  
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F i g u r e  4 . 2 . 1 4  L o c u s  S s o s l  4 1 7 ,  b a n d s  u s e d  i n  a n a l y s i s  
4 . 2 . 3  A l l e l e  s i z e  
A l l e l e s  w e r e  s i z e d  u s i n g  a  1 0 0  b p  l a d d e r  a n d  a  2 5  b p  l a d d e r .  T h i s  d o e s  n o t  a l l o w  s i z i n g  
a c c u r a c y  o f  1  b p ,  h o w e v e r ,  s i z e  i n f o r m a t i o n  w a s  u s e d  o n l y  t o  c o m p a r e  t h e  r e l a t i v e  s i z e  
r a n g e s  o f  a l l e l e s  b e t w e e n  S .  s a l a r  i n  t h e  r i v e r  F r o m e  a n d  p u b l i s h e d  a l l e l e  s i z e  r a n g e s  f o r  S .  
s a l a r  i n  o t h e r  r i v e r s .  A l l e l e  s i z e s  i n  b p  w e r e  n o t  u s e d  f o r  a n a l y s i s  o f  p o p u l a t i o n  s t r u c t u r e .  
A l e l l e  s i z e s  f o r  l o c i  S s a  2 0 2 ,  S s a  1 7 1 ,  S s a  1 9 7 ,  S s o s l  8 5  a n d  S s a  2 8 9  w e r e  g e n e r a l l y  i n  t h e  
s a m e  r a n g e  a s  p r e v i o u s l y  p u b l i s h e d  a l l e l e  s i z e s ,  h o w e v e r ,  a l l e l e  s i z e s  a t  l o c u s  S s o s l 4 1 7  w e r e  
m u c h  l a r g e r  t h a n  p r e v i o u s l y  p u b l i s h e d  a l l e l e  s i z e s  ( T a b l e  4 . 2 . 3 ) .  
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T a b l e  4 . 2 . 3  A l l e l e  s i z e  r a n g e s  f o r  6  S a l m o  s a l a r  m i c r o s a t e l l i t e  l o c i  
l o c u s  
R i v e r s  F r o m e  a n d  P i d d l e  p u b l i s h e d  a l l e l e  
a p p r o x i m a t e  a l l e l e  s i z e  r a n 2 e  b p  s i z e  r a n g e  b p  
S s a  2 0 2  
2 5 0 - 3 0 0  2 7 0 - 3 2 0  
S s a  1 7 1  
2 5 0 - 3 5 0  
2 3 3 - 2 6 7  
S s a  1 9 7  
2 0 0 - 3 5 0  1 5 0 - 2 0 0  
S s o s l 8 5  
1 7 5 - 2 0 0  
1 7 7 - 2 0 4  
S s a  2 8 9  1 0 0 - 1 5 0  1 1 0 - 1 1 9  
S s o s l 4 1 7  
2 5 0 - 3 0 0  
1 5 9 - 2 1 1  
B e t w e e n - s t u d y  c o m p a r i s o n s  o f  a l l e l e  s i z e s  s h o u l d  b e  v i e w e d  w i t h  c a u t i o n .  A t  c e r t a i n  l o c i ,  
s o m e  s t u d i e s  d e t e c t e d  e v e n  s i z e d  p r o d u c t s  a n d  s o m e  s t u d i e s  r e p o r t e d  o d d - s i z e d  r e p e a t s .  F o r  
e x a m p l e  a t  l o c u s  S s a  2 0 2  ( ( C A ) 3 ( C T C A h )  G a r a n t  e t  a l .  ( 2 0 0 0 )  r e p o r t e d  o d d  s i z e d  p r o d u c t s  a t  
i n t e r v a l s  o f  4  b p  a n d  B e a c h a m  a n d  D e m p s o n  ( 1 9 9 8 )  r e p o r t e d  o d d  s i z e d  p r o d u c t s  a t  i n t e r v a l s  
o f  4  b p ,  e x c e p t  f o r  s i z e s  2 9 8  a n d  3 0 3 .  I n  c o n t r a s t ,  F o n t a i n e  e t  a l .  ( 1 9 9 7 ) ,  r e p o r t e d  e v e n  s i z e d  
p r o d u c t s .  A t  l o c u s  S s a  2 8 9  ( ( G T ) 1 2 )  M c C o n n e l l  e t  a l .  ( 1 9 9 5 )  r e p o r t e d  o d d  s i z e d  p r o d u c t s  o f  
2  b p ,  h o w e v e r ,  B e a c h a m  a n d  D e m p s o n  ( 1 9 9 8 )  r e p o r t e d  e v e n  s i z e d  p r o d u c t s  o f  2  b p  
d i f f e r e n c e .  B e a c h a m  a n d  D e m p s o n  ( 1 9 9 8 )  s u g g e s t e d  t h a t  a l l e l e  1 1 0  i s  e q u i v a l e n t  t o  a l l e l e  1 1 3  
i n  ( M c C o n n e l l  e t  a l .  1 9 9 5 ) .  A t  l o c u s  S s o s l  8 5  ( ( G T ) 1 2 )  G a r a n t  e t  a l .  ( 2 0 0 0 )  a n d  F o n t a i n e  e t  a l .  
( 1 9 9 7 )  r e p o r t e d  e v e n  s i z e d  p r o d u c t s  o f  2  b p  d i f f e r e n c e ,  h o w e v e r ,  ( N i e l s e n  e t  a l .  1 9 9 9 )  
r e p o r t e d  o d d  s i z e d  p r o d u c t s  o f  2  b p .  A t  L o c u s  S s a  1 9 7  ( ( G T ) s C ( T G ) 4 T C ( T G ) 3 A )  G a r a n t  e t  a l .  
( 2 0 0 0 )  a n d  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  r e p o r t e d  e v e n  s i z e d  p r o d u c t s  o f  4  b p  d i f f e r e n c e .  B e a c h a m  
a n d  D e m p s o n  ( 1 9 9 8 )  r e p o r t e d  e v e n  s i z e d  p r o d u c t s  o f  4  b p  d i f f e r e n c e ,  e x c e p t  f o r  a l l e l e s  2 1 7  
a n d  2 2 7 .  
C o m p o u n d  r e p e a t s  m a y  m u t a t e  a t  a n y  o f  t h e  s t r u c t u r a l  u n i t s  t h e r e f o r e  p r o d u c t s  o f  a  r a n g e  o f  
s i z e s  m a y  b e  o b t a i n e d .  I t  i s  p o s s i b l e  t h a t  t h e  P C R  r e a c t i o n  a d d e d  b a s c s  t o  t h e  p r o d u c t .  W h e n  
p r o d u c t  s i z e s  a r e  o b t a i n e d  t h a t  a r e  n o t  w h o l e  n u m b e r s ,  i t  i s  p o s s i b l e  t h a t  d i f f e r e n c e s  i n  
r o u n d i n g  u p  c a u s e  s o m e  s t u d i e s  t o  r e p o r t  o d d  n u m b e r s  a n d  s o m e  t o  r e p o r t  e v e n  n u m b e r s .  I t  i s  
p o s s i b l e  t h a t  e . g .  s i z e  2 4 0  ( F o n t a i n e  e t  a l .  1 9 9 7 )  i s  t h e  s a m e  a l l e l e  a s  s i z e  2 4 1  ( B e a c h a m  a n d  
D e m p s o n  1 9 9 8 ) .  D i f f e r e n c e s  i n  r o u n d i n g  u p  o r  d o w n  w i l l  b e  m o r e  i m p o r t a n t  w i t h  
d i n u c l e o t i d e  r e p e a t s .  
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4 . 3  G e n e t i c  v a r i a b i l i t y  
T h e  g e n e t i c  v a r i a b i l i t y  o f  j u v e n i l e  S .  s a l a r  s a m p l e d  f r o m  t h e  R i v e r s  F r o m e  a n d  P i d d l e  o v e r  
t h r e e  c o n s e c u t i v e  y e a r s  w a s  a s s e s s e d  u s i n g  n u m b e r  o f  a l l e l e s  p e r  l o c u s ,  a l l e l i c  r i c h n e s s  a n d  
p e r c e n t a g e  h e t e r o z y g o s i t y .  
4 . 3 . 1  N u m b e r  o f  a l l e l e s  
T h e  s i x  l o c i  u s e d  t o  s c r e e n  t h e  p o p u l a t i o n  f o r  g e n e t i c  v a r i a b i l i t y  w e r e  a l l  p o l y m o r p h i c  a n d  t h e  
n u m b e r  o f  a l l e l e s  d e t e c t e d  ( o v e r  a l l  s i t e s )  p e r  l o c u s  w a s  b e t w e e n  5  a n d  1 3 .  T h e  m o s t  h i g h l y  
p o l y m o r p h i c  l o c i  w e r e  S s a  1 9 7  a n d  S s o s l  8 5 ,  h a v i n g  1 3  a l l e l e s  e a c h .  T w e l v e  a l l e l e s  w e r e  
d e t e c t e d  a t  l o c u s  S s a  1 7 1 ,  1 0  a l l e l e s  w e r e  d e t e c t e d  a t  S s o s l  4 1 7  a n d  s e v e n  a l l e l e s  w e r e  
d e t e c t e d  a t  l o c u s  S s a  2 0 2 .  T h e  l e a s t  p o l y m o r p h i c  l o c u s  w a s  S s a  2 8 9  w i t h  5  a l l e l e s .  
T h e  n u m b e r s  o f  a l l e l e s  d e t e c t e d  i n  t h e  R i v e r s  P i d d l e  a n d  F r o m e  w a s  l o w e r  t h a n  n u m b e r  o f  
a l l e l e s  d e t e c t e d  i n  s t u d i e s  o f  S .  s a l a r  i n  o t h e r  r i v e r s .  A t  l o c u s  S s a  1 9 7 ,  2 0  a l l e l e s  w e r e  
d e t e c t e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( n  =  1 8 1 ) ,  1 4  a l l e l e s  w e r e  d e t e c t e d  b y  B e a c h a m  a n d  
D e m p s o n  ( 1 9 9 8 )  ( n =  1 4 5 )  a n d  1 9  a l l e l e s  w e r e  d e t e c t e d  b y  G a r a n t  e t  a l .  ( 2 0 0 0 )  ( n  =  3 4 3 ) .  A t  
l o c u s  S s o s l  8 5 ,  1 1  a l l e l e s  w e r e  d e t e c t e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( n  =  1 7 6 ) ,  1 6  a l l e l e s  w e r e  
d e t e c t e d  b y  N i e l s e n  e t  a l .  ( 1 9 9 9 )  ( n  =  1 5 0 )  a n d  1 5  a l l e l e s  w e r e  d e t e c t e d  b y  G a r a n t  e t  a l .  
( 2 0 0 0 )  ( n  =  3 4 3 ) .  A t  l o c u s  S s a  1 7 1 ,  2 8  a l l e l e s  w e r e  d e t e c t e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  
( n  =  1 7 3 ) ,  a n d  3 3  a l l e l e s  w e r e  d e t e c t e d  b y  G a r a n t  e t  a l .  ( 2 0 0 0 )  ( n  =  3 4 3 ) .  A t  l o c u s  S s o s l  4 1 7 ,  
2 1  a l l e l e s  w e r e  d e t e c t e d  b y  N i e l s e n  e t  a l .  ( 1 9 9 9 )  ( n  =  1 5 0 ) .  A t  l o c u s  S s a  2 0 2 ,  2 0  a l l e l e s  w e r e  
d e t e c t e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( n  =  1 7 1 ) ,  1 6  a l l e l e s  w e r e  d e t e c t e d  b y  B e a c h a m  a n d  
D e m p s o n  ( 1 9 9 8 )  ( n  = 1 1 3 )  a n d  1 6  a l l e l e s  w e r e  d e t e c t e d  b y  G a r a n t  e t  a l .  ( 2 0 0 0 )  ( n  =  3 4 3 ) .  A t  
l o c u s  S s a  2 8 9 , 6  a l l e l e s  w e r e  d e t e c t e d  b y  M c C o n n e l l  e t  a l .  ( 1 9 9 5 )  ( n  =  5 5 ) .  
T h e  n u m b e r  o f  a l l e l e s  d e t e c t e d  p e r  l o c u s  i s  d e p e n d e n t  o n  s a m p l e  s i z e ,  d u e  t o  t h e  p r e s e n c e  o f  
m a n y  l o w  f r e q u e n c y  a l l e l e s  i n  n a t u r a l  p o p u l a t i o n s  ( N e i  1 9 8 7 ) .  I t  i s  p o s s i b l e  t h a t  t h e  
d i f f e r e n c e s  b e t w e e n  t h e  n u m b e r s  o f  a l l e l e s  d e t e c t e d  i n  t h i s  s t u d y  c o m p a r e d  t o  o t h e r  r i v e r s  i s  
d u e  t o  d i f f e r e n c e s  i n  s a m p l e  s i z e .  A l t h o u g h  o v e r a l l  N  w a s  l a r g e r  t h a n  2 9 9  a t  e a c h  s a m p l e  
t i m e  ( e x c e p t  N o v e m b e r  1 9 9 8 ) ,  s o m e  o f  t h e  s a m p l e  s i z e s  p e r  s i t e  w e r e  v e r y  s m a l l  ( A p p e n d i x  
7 . 4 . 3 ,  T a b l e s  7 . 4 . 3 . 1  t o  7 . 4 . 3 . 7 ) .  T h e  o b s e r v e d  n u m b e r  o f  a l l e l e s  w a s  c o r r e l a t e d  w i t h  s a m p l e  
s i z e  a t  e a c h  l o c u s  ( F i g u r e s  4 . 3 . 1  t o  4 . 3 . 6 ) .  
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4 . 3 . 2  A l l e l i c  r i c h n e s s  
U s i n g  n u m b e r s  o f  a l l e l e s  t o  c o m p a r e  g e n e t i c  d i v e r s i t y  b e t w e e n  s i t e s  o r  b e t w e e n  s t u d i e s  i s  n o t  
a c c u r a t e  i f  s a m p l e  s i z e s  v a r y .  A  m e a s u r e  o f  d i v e r s i t y ,  i n d e p e n d e n t  o f  s a m p l e  s i z e ,  w a s  
c a l c u l a t e d  u s i n g  t h e  a l l e l i c  r i c h n e s s  o f  ( E l  M o u s a d i k  a n d  P e t i t  1 9 9 6 )  s t a n d a r d i s e d  p e r  
i n d i v i d u a l ;  ' A R i ' .  A R i  w a s  c a l c u l a t e d  o v e r  a l l  s i t e s  a t  s i x  s a m p l e  t i m e s  f o r  e a c h  l o c u s  
( F i g u r e  4 . 3 . 7 . ) .  I n  t h i s  s t u d y  A R i  e s t i m a t e s  w e r e  b e t w e e n  1 . 4 5 ,  a t  l o c u s  S s a  2 8 9  a n d  1 . 8 ,  a t  
l o c u s  S s a  1 9 7 .  A t  l o c u s  S s a 1 7 1  A R i  w a s  1 . 7 6 ,  a t  l o c u s  S s o s l  8 5  A R i  w a s  1 . 7 1 ,  a t  l o c i  S s a 2 0 2  
a n d  S s o s l  4 1 7  A R i  w a s  1 . 6 8 .  
P u b l i s h e d  a l l e l e  f r e q u e n c y  d a t a  w e r e  u s e d  t o  e s t i m a t e  A R i  f o r  S .  s a l a r  i n  C a n a d i a n  a n d  
E u r o p e a n  r i v e r s .  A t  l o c i  S s a  1 9 7 ,  S s a  1 7 1 ,  S s o s l  8 5  a n d  S s a  2 0 2  e s t i m a t e s  o f  A R i  i n  t h i s  
s t u d y  w e r e  l o w e r  t h a n  A R i  e s t i m a t e s  f o r  e v e r y  o t h e r  r i v e r .  A t  l o c u s  S s o s l  4 1 7 ,  t h e  o v e r  a l l  
e s t i m a t e  o f  A R i  i n  t h i s  s t u d y  w a s  e q u i v a l e n t  t o  e s t i m a t e s  f o r  o t h e r  r i v e r s ,  a n d  a t  l o c u s  S s a  2 8 9  
e s t i m a t e s  o f  A R i  i n  t h i s  s t u d y  w e r e  w i t h i n  t h e  r a n g e  o f  e s t i m a t e s  o b t a i n e d  f r o m  o t h e r  s t u d i e s .  
I t  i s  p o s s i b l e  t h a t  h i g h e r  A R i  e s t i m a t e s  i n  o t h e r  r i v e r s  a r e  d u e  t o  t h e  l a r g e r  a d u l t  p o p u l a t i o n  
s i z e s ,  h o w e v e r ,  a d u l t  p o p u l a t i o n  s i z e  w a s  g i v e n  f o r  5  C a n a d i a n  r i v e r s  i n  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  
o n l y .  O v e r  a l l  l o c i  A R i  f o r  t h e  5  C a n a d i a n  r i v e r s  w e r e  b e t w e e n  1 . 8 1  t o  1 . 8 9  a n d  a d u l t  
p o p u l a t i o n  s i z e s  w e r e  b e t w e e n  1 5 2 0  a n d  2 2 7 1  i n d i  v i d u a l s .  
A t  l o c u s  S s a  1 9 7 ,  u s i n g  a l l e l e  f r e q u e n c i e s  f r o m  t h r e e  t r i b u t a r i e s  o f  a  C a n a d i a n  r i v e r  
( B e a c h a m  a n d  D e m p s o n  1 9 9 8 )  a v e r a g e  A R i  o f  1 . 8 5 6  w a s  e s t i m a t e d  f o r  t h e  1 9 8 6  s a m p l e  a n d  
a v e r a g e  A R i  o f  1 . 8 6 6  w a s  e s t i m a t e d  f o r  t h e  1 9 9 2  s a m p l e .  U s i n g  a l l e l e  f r e q u e n c i e s  f o r  s e v e n  
C a n a d i a n  r i v e r s  ( F o n t a i n e  e t  a l .  1 9 9 7 )  A R i  e s t i m a t e s  b e t w e e n  1 . 8 2 5  a n d  1 . 9 1 2  w e r e  o b t a i n e d  
a n d  f o r  s e v e n  s i t e s  o n  a  C a n a d i a n  r i v e r  ( G a r a n t  e t  a l .  2 0 0 0 ) ,  A R i  o f  1 . 9 0 4  w a s  e s t i m a t e d  f o r  
t h e  1 9 9 6  s a m p l e  a n d  A R i  o f  1 . 9 2 8  w a s  e s t i m a t e d  f o r  1 9 9 7  s a m p l e .  A t  l o c u s  S s a  1 7 1 ,  u s i n g  
4 7 
  
a l l e l e  f r e q u e n c i e s  f o r  s e v e n  C a n a d i a n  r i v e r s  ( F o n t a i n e  e t  a l .  1 9 9 7 )  A R i  w a s  b e t w e e n  1 . 8 4  a n d  
1 . 9 1 3 .  A t  l o c u s  S s o s l  8 5 ,  u s i n g  a l l e l e  f r e q u e n c i e s  f o r  s e v e n  C a n a d i a n  r i v e r s  ( F o n t a i n e  e t  a l .  
1 9 9 7 )  A R i  w a s  b e t w e e n  1 . 7 4 3  a n d  1 . 8 8 7 .  U s i n g  a l l e l e  f r e q u e n c i e s  f r o m  ( N i e l s e n  e t  a l .  1 9 9 9 )  
s t u d y ,  A R i  w a s  1 . 7 3 6  f o r  a  D a n i s h  r i v e r  i n  1 9 3 0 s  a n d  1 9 8 9 ,  A R i  w a s  1 . 7 6  f o r  a  S c o t t i s h  r i v e r  
( 1 9 8 9 )  a n d  1 . 8 6 9  f o r  a  S w e d i s h  r i v e r  ( 1 9 8 9 ) .  U s i n g  a l l e l e  f r e q u e n c i e s  f o r  s e v e n  s i t e s  o n  a  
C a n a d i a n  r i v e r ,  A R i  w a s  1 . 8 6 9  i n  1 9 9 6  a n d  1 . 8 7 9  i n  1 9 9 7  ( G a r a n t  e t  a l .  2 0 0 0 ) .  
A t  l o c u s  S s a  2 0 2 ,  u s i n g  a l l e l e  f r e q u e n c i e s  f r o m  t h r e e  t r i b u t a r i e s  o f  a  C a n a d i a n  r i v e r  
( B e a c h a m  a n d  D e m p s o n  1 9 9 8 ) ,  a v e r a g e  A R i  w a s  e s t i m a t e d  a t  1 . 8 7 5  i n  1 9 8 6  a n d  1 . 8 4 9  i n  
1 9 9 2 ;  u s i n g  a l l e l e  f r e q u e n c i e s  f o r  s e v e n  C a n a d i a n  r i v e r s  ( F o n t a i n e  e t  a l .  1 9 9 7 ) ,  A R i  w a s  
b e t w e e n  1 . 8 3 8  a n d  1 . 9 1  a n d  f o r  s e v e n  s i t e s  o n  a  C a n a d i a n  r i v e r ,  A R i  w a s  1 . 8 5 7  i n  1 9 9 6  a n d  
1 . 8 8 9  i n  1 9 9 7  ( G a r a n t  e t  a l .  2 0 0 0 ) .  A t  l o c u s  S s o s l  4 1 7 ,  u s i n g  a l l e l e  f r e q u e n c i e s  f r o m  ( N i e l s e n  
e t  a l .  1 9 9 9 )  s t u d y ,  A R i  f o r  a  D a n i s h  r i v e r  w a s  1 . 6 4 4  i n  t h e  1 9 3 0 s  a n d  1 . 5 5 2  i n  1 9 8 9 ,  A R i  w a s  
1 . 8 6  f o r  a  S c o t t i s h  r i v e r  ( 1 9 8 9 )  a n d  1 . 8 6 7  f o r  a  S w e d i s h  r i v e r  ( 1 9 8 9 ) .  A t  l o c u s  S s a  2 8 9 ,  u s i n g  
a l l e l e  f r e q u e n c i e s  f o r  t h r e e  N o r t h  A m e r i c a n  a n d  t w o  E u r o p e a n  r i v e r s  ( M c C o n n e l l  e t  a l .  
1 9 9 5 ) ,  A R i ' s  o f  1 . 3 0 5 ,  1 . 2 6 2 ,  1 . 5 4 7 ,  1 . 7 5 6  a n d  1 . 5 4 4  w e r e  e s t i m a t e d .  U s i n g  a l l e l e  
f r e q u e n c i e s  f o r  t h r e e  t r i b u t a r i e s  o f  a  N e w f o u n d l a n d  r i v e r  ( B e a c h a m  a n d  D e m p s o n  1 9 9 8 ) ,  
a v e r a g e  A R i  i n  1 9 8 6  w a s  1 . 6 3 8  a n d  a v e r a g e  A R i  i n  1 9 9 2  w a s  1 . 0 7 5 .  
A l l e l i c  r i c h n e s s  s t a n d a r d i s e d  p e r  i n d i v i d u a l  o v e r  a l l  l o c i  o v e r  a l l  s a m p l e  t i m e s  w a s  e s t i m a t e d  
f o r  t h e  2 2  s a m p l e  s i t e s  i n  t h i s  s t u d y .  S i t e  2  ( T F )  h a d  t h e  h i g h e s t  A R i  o f  1 . 7 1 3  a n d  s i t e  1 3  
( T K )  h a d  t h e  l o w e s t  A R i  o f  1 . 3 3 3  ( F i g u r e  4 . 3 . 8 ) .  A R i  w a s  c a l c u l a t e d  p e r  s i t e  p e r  l o c u s  f o r  
J u l y  1 9 9 8  ( F i g u r e  4 . 3 . 9 . ) ,  S e p t e m b e r  1 9 9 8  ( F i g u r e  4 . 3 . 1 0 ) ,  J u l y  1 9 9 9  ( F i g u r e  4 . 3 . 1 1 ) ,  
S e p t e m b e r  1 9 9 9  ( F i g u r e  4 . 3 . 1 2 . ) ,  J u l y  2 0 0 0  ( F i g u r e 4 . 3 . 1 3 )  a n d  O c t o b e r  ( F i g u r e  4 . 3 . 1 4 ) .  
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F i g u r e  4 . 3 . 1 4  A l l e l i c  R i c h n e s s  s t a n d a r d i s e d  p e r  i n d i v i d u a l  p e r  s i t e  f o r  6  l o c i ,  O c t o b e r  2 0 0 0  
5 2 
  
4 . 3  3  O b s e r v e d  h e t e r o z y g o s i t y  f r e q u e n c y  ( R o )  
O b s e r v e d  h e t e r o z y g o s i t y  o v e r  a l l  s i t e s  o v e r  a l l  l o c i  w a s  c a l c u l a t e d  f o r  s i x  s a m p l e  t i m e s  a n d  
v a r i e d  b e t w e e n  0 . 4 9 4  i n  J u l y  1 9 9 8  a n d  0 . 6 4 8  i n  O c t o b e r  2 0 0 0  ( F i g u r e  4 . 3 . 1 5 ) .  N o  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  s u m m e r  a n d  a u t u m n  o v e r - a l l  s i t e s  R o  w a s  d e t e c t e d  a t  a n y  o f  t h e  s a m p l e  
y e a r s ,  u s i n g  t h e  b e t w e e n - g r o u p s  t e s t  ( E q u a t i o n  3 . 7 . 1 ,  M e t h o d s ) .  S i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  o v e r  a l l  s i t e s  R o  i n  J u l y  1 9 9 8  a n d  J u l y  1 9 9 9  ( p  =  0 . ( X H 2 )  a n d  b e t w e e n  J u l y  1 9 9 9  a n d  
J u l y  2 0 0 0  ( p  =  0 . 0 4 6 6 )  w a s  d e t e c t e d  u s i n g  t h e  b e t w e e n - g r o u p s  t e s t  ( E q u a t i o n  3 . 7 . 1 ,  
M e t h o d s ) .  
O b s e r v e d  h e t e r o z y g o s i t y  o v e r  a l l  s i t e s  a t  s e v e n  s a m p l e  t i m e s  w a s  l o w e s t  a t  l o c i  S s a  2 8 9  a n d  
S s o s l 4 1 7  ( F i g u r e  4 . 3 . 1 6 ) .  L o w  h e t e r o z y g o s i t y  a t  t h e s e  l o c i  h a s  b e e n  o b s e r v e d  f o r  S .  s a l a r  i n  
o t h e r  r i v e r s ,  f o r  e x a m p l e ,  M c C o n n e l l  e t  a l .  ( 1 9 9 5 )  o b s e r v e d  h e t e r o z y g o s i t y  o f  0 . 3 - 0 . 7 5  a t  
l o c u s  S s a  2 8 9  a n d  N i e l s e n  e t  a l .  ( 1 9 9 9 )  o b s e r v e d  h e t e r o z y g o s i t y  o f  0 . 3 1 - 0 . 9 6  a t  l o c u s  S s o s l  
4 1 7 .  A t  l o c u s  S s a  2 0 2 ,  R o  w a s  b e t w e e n  0 . 5 6 4 ,  J u l y  1 9 9 8  a n d  0 . 7 7 5 ,  J u l y  1 9 9 9 ,  w h i c h  i s  
l o w e r  t h a n  t h a t  o b s e r v e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( R o  0 . 8 6 )  a n d  B e a c h a m  a n d  D e m p s o n  
( 1 9 9 8 )  ( R o  0 . 8 4 2 - 0 . 8 6 2 ) .  A t  l o c u s  S s a  1 7 1  R o  w a s  b e t w e e n  0 . 6 7 5 ,  O c t o b e r  2 0 0 0 ,  a n d  0 . 8 5 7 ,  
S e p t e m b e r  1 9 9 9 ,  w h i c h  i s  l o w e r  t h a n  t h a t  o b s e r v e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( R o  0 . 9 4 ) .  
L o c u s  S s a  1 9 7  R o  w a s  b e t w e e n  0 . 6 3 4 ,  J u l y  1 9 9 8  a n d  0 . 8 4 6 ,  O c t o b e r  2 0 0 0 ,  w h i c h  i s  s i m i l a r  
t o  t h a t  o b s e r v e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( R o  0 . 8 6 )  a n d  B e a c h a m  a n d  D e m p s o n  ( 1 9 9 8 )  ( R o  
0 . 8 4 3 - 0 . 8 5 8 ) .  A t  l o c u s  S s o s l  8 5  R o  w a s  b e t w e e n  0 . 6 0 1 ,  J u l y  2 0 0 0 ,  a n d  0 . 7 ,  N o v e m b e r  1 9 9 8 ,  
w h i c h  i s  l o w e r  t h a n  t h a t  o b s e r v e d  b y  F o n t a i n e  e t  a l .  ( 1 9 9 7 )  ( R o  0 . 8 1 8 6 )  a n d  i n  t h e  r a n g e  o f  
t h a t  o b s e r v e d  b y  N i e l s e n  e t  a l .  ( 1 9 9 9 )  ( R o  0 . 3 1 - 0 . 8 2 ) .  
O b s e r v e d  h e t e r o z y g o s i t y  p e r  s i t e  v a r i e d  b e t w e e n  0  a n d  1  ( t h e s e  e x t r e m e  v a l u e s  a r e  a s s o c i a t e d  
w i t h  v e r y  s m a l l  s a m p l e  s i z e s  a t  c e r t a i n  s i t e s ,  A p p e n d i x  s e c t i o n  7 . 4 . 3 ,  T a b l e s  7 . 4 . 3 . 1  t o  
7 . 4 . 3 . 7 ) .  
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F i g u r e  4 . 3 . 1 6 	  O b s e r v e d  h e t e r o z y g o s i t y  o f  S .  s a l a r  o v e r a l l  s i t e s  a t  7  s a m p l e  t i m e s  f o r  6  
m i c r o s a t e l l i t e  l o c i  
4 . 3 . 4  E x p e c t e d  h e t e r o z y g o s i t y  f r e q u e n c y  ( H t )  
E x p e c t e d  h e t e r o z y g o s i t y  c o r r e c t e d  f o r  d i f f e r e n c e s  i n  s a m p l e  s i z e  ( H t ) ,  o v e r  a l l  s i t e s  o v e r  6  
l o c i  e s t i m a t e s  w e r e  b e t w e e n  0 . 6 9 8  a n d  0 . 7 3 7  ( F i g u r e  4 . 3 . 1 7 . ) .  N o  s i g n i f i c a n t  d i f f e r e n c e  
b e t w e e n  S u m m e r  a n d  A u t u m n  o v e r  a l l  s i t e s  H t  w a s  d e t e c t e d  i n  a n y  o f  t h e  t h r e e  y e a r s  s t u d i e d .  
E x p e c t e d  h e t e r o z y g o s i t y  o v e r  a l l  s i t e s  w a s  l o w e s t  a t  l o c u s  S s a  2 8 9  ( H t  0 . 3 9  t o  0 . 5 4 2 )  a t  a l l  
s a m p l e  t i m e s .  A t  l o c u s  S s a  2 0 2 ,  H t  w a s  b e t w e e n  0 . 6 8 4  a n d  0 . 7 2 4 ;  a t  l o c u s  S s a  1 7 1  H t  w a s  
b e t w e e n  0 . 7 4  a n d  0 . 8 0 5 ,  a t  l o c u s  S s a  1 9 7  H t  w a s  b e t w e e n  0 . 7 9 4  a n d  0 . 8 5 7 ,  a t  l o c u s  S s o s l  8 5  
H t  w a s  b e t w e e n  0 . 7 0 6  a n d  0 . 7 7 3  a n d  l o c u s  S s o s l  4 1 7  H t  v a r i e d  f r o m  0 . 7 5 8  t o  0 . 8 0 8  
( F i g u r e  4 . 3 . 1 8 ) .  E x p e c t e d  h e t e r o z y g o s i t y  o v e r a l l  l o c i  o v e r  a l l  s a m p l e  t i m e s  w a s  l o w e s t  a t  s i t e  
M e  ( o v e r a l l  H t  0 . 5 8 8 )  a n d  h i g h e s t  a t  s i t e  G B  ( o v e r a l l  H t  0 . 7 4 1 )  ( F i g u r e  4 . 3 . 1 9 ) .  
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~:~ ·"·~·.V~·"·"''''W''''''''Wo'"o'"''''·''W"'·~W''''·''W"'·"'·''·''W.""w'
1 
-~:~I 
o  : ,  
2 3 4  5  6 7 8 9  
A l l e l e  
F i g u r e  4 . 4 . 3 6  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s l  4 1 7 ,  o v e r  a l l  s i t e s  S e p t e m b e r  1 9 9 8  
8 5 0 5 1 4 1 7  
-: :  ~""~--~-I 
0 . :  I  
2 3 4 5 6 7  8 9 1 0  
A l l e l e  
F i g u r e  4 . 4 . 3 7  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s l  4 1 7 ,  o v e r  a l l  s i t e s ,  N o v e m b e r  1 9 9 8  
S s o s l  4 1 7  J u l y  1 9 9 9  
:~~ .·.w.·.·.·.·.·.·.,·~·.,·.'wo'".'w.·.·.·.·.·.w.,·.·.·~·"'·"'"wo'"o'".,wo'".·.·.·.·.,.,.,.·.·.--...·.1 
0 . 2  i  
: S  I  
o 
  
3 4  
8 9 1 0 
  
A l l e l e  
F i g u r e  4 . 4 . 3 8  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s 1 4 l 7 ,  o v e r  a l l  s i t e s  J u l y  1 9 9 9  
S s o s l 4 1 7  S e p l 9 9  
o:~ · · · · · · · · · · · · · · · · · · . . · · · . . · · . . · · 1 · ·  · · . . · · · · · ·  · · · · · · . . · ·  !  
-~ I  
~ •  - . I  I  ~I 
A l l c l e  
F i g u r e  4 . 4 . 3 9  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s 1 4 l 7 ,  o v e r  a l l  s i t e s  S e p t e m b e r  1 9 9 9  
6 6 
  
S s o s l 4 1 7  
o::~ · · · · · · · · · · · · · · · - - . . · - - . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 · · · · · ·  - - . .  ; :  
Q : : :  !  
0 ) . 1 5  ~
. : : 1  . 1 1 1
, )  - .  
A l l e l e  
F i g u r e  4 . 4 . 4 0  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s 1 4 1 7 ,  o v e r  a l l  s i t e s  J u l y  2 0 0 0  
S s o s l  4 1 7  O c l O O  
:~~ · , · , · · · · · · · · · · · · · · · · · · · , , · · · · · · · · · 1 · · · · ' · · · · · · , , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1  
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A l l e l e  
F i g u r e  4 . 4 . 4 1  A l l e l e  f r e q u e n c y  a t  l o c u s  S s o s 1 4 1 7 ,  o v e r  a l l  s i t e s  O c t o b e r  2 0 0 0  
6 7 
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4 . 5  P o p u l a t i o n  s t r u c t u r e  
4 . 5 . 1  G e n e t i c  d i f f e r e n t i a t i o n  o f  l i f e  h i s t o r y  t y p e s  
F
S T  
b e t w e e n  0 +  p a r r  a n d  1 +  p a r r  o f  t h e  s a m e  c o h o r t  y e a r  w a s  e s t i m a t e d  t o  d e t e r m i n e  i f  
d i f f e r e n t i a t i o n  o c c u r r e d  o n  t h e  b a s i s  o f  l i f e  h i s t o r y  t y p e .  I t  i s  p o s s i b l e  t h a t  t h e  0 +  s a m p l e s  
c o n t a i n e d  j u v e n i l e s  t h a t  w i l l  n o t  s m o l t  a t  0 + .  F o u r t e e n  1 +  p a r r  w e r e  s a m p l e d  i n  1 9 9 8 ,  
h o w e v e r ,  n o  0 +  p a r r  o f  t h e  c o h o r t  y e a r  w e r e  s a m p l e d ,  t h e r e f o r e  F S T  w a s  n o t  c a l c u l a t e d  f o r  t h e  
c o h o r t  y e a r  1 9 9 7 .  I n  t h e  c o h o r t  y e a r  1 9 9 8 , 1 4  1 +  p a r r  s a m p l e d  i n  J u l y  1 9 9 9  a n d  o n e  1 +  p a r r  
s a m p l e d  i n  S e p t e m b e r  1 9 9 9  w e r e  t e s t e d  a g a i n s t  0 +  p a r r  c a u g h t  i n  J u l y  1 9 9 8 .  I n  t h e  c o h o r t  
y e a r  1 9 9 9 ,  F
S T  
w a s  e s t i m a t e d  b e t w e e n  7  1 +  p a r r  s a m p l e d  i n  J u l y  1 9 9 9  a n d  0 +  p a r r  s a m p l e d  i n  
J u l y  1 9 9 9 .  N o  s i g n i f i c a n t  d i f f e r e n t i a t i o n  b e t w e e n  0 +  a n d  1 +  p a r r  o f  t h e  c o h o r t  y e a r  1 9 9 8  w a s  
d e t e c t e d  ( F
S T  
0 . 0 0 4 5
N S
)  a n d  n o  s i g n i f i c a n t  d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  0  +  a n d  1 +  
p a r r  o f  t h e  c o h o r t  y e a r  1 9 9 9  ( F
S T  
0 . 0 0 4 S
N S  
) .  
A n  a s s i g n m e n t  t e s t  w a s  u s e d  t o  d e t e r m i n e  i f  1 +  p a r r  h a d  m i g r a t e d  t r o m  t h e i r  n a t a l  s p a w n i n g  
s i t e .  T o  c o n t r o l  f o r  t h e  p o s s i b i l i t y  o f  c h a n g e  i n  a l l e l e  f r e q u e n c y  b e t w e e n  y e a r s  t h e  r e f e r e n c e  
p o p u l a t i o n s  w e r e  o f  t h e  s a m e  c o h o r t .  T h e  J u l y  s a m p l e  w a s  s e l e c t e d  f o r  a s s i g n m e n t  
p o p u l a t i o n s  d u e  t o  t h e  p o s s i b i l i t y  t h a t  p a r r  h a d  m i g r a t e d  b y  t h e  A u t u m n .  N o n e  o f  t h e  1 +  p a r r  
w e r e  a s s i g n e d  t o  o n e  p a r t i c u l a r  r e f e r e n c e  s i t e  a t  a n y  s a m p l e  t i m e  ( T a b l e s  4 . 5 . 1 . 1  t o  4 . 5 . 1 . 4 )  
a n d  n o  p a t t e r n  o f  m i g r a t i o n  f r o m  n e a r b y  s i t e s  a n d  n o  e v i d e n c e  o f  d o w n s t r e a m  m i g r a t i o n  w a s  
d e t e c t e d .  P a r r  o l d e r  t h a n  0 +  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s  o f  p o p u l a t i o n  s t r u c t u r e  o n  t h e  
b a s i s  t h a t  n o n e  o f  t h e  1 +  p a r r  c o u l d  b e  a s s i g n e d  t o  a  s a m p l e  s i t e .  
T a b l e  4 . 5 . 1 . 1 	  1 1  1 +  p a r r  s a m p l e d  i n  S e p t e m b e r  1 9 9 8  a s s i g n e d  t o  r e f e r e n c e  0 +  p a r r  s a m p l e d  
J u l y  1 9 9 8  
1 +  p a r r  
A s s i g n m e n t  s i t e  
s a m p l e  s i t e  
G B  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  T W ,  M F  
G B  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  T W ,  M F  
G B  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  T W ,  M F  
N F  
T F ,  N F ,  E B ,  E S ,  E S M S ,  W S ,  B M ,  M F  
L M  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  T W ,  M F  
E B  
T F ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  M F  
W S  
T F ,  G B ,  N F ,  L M ,  E B ,  E S  ,  W S ,  H A ,  B M ,  T W ,  M F  
W S  
T F ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  B M  ,  M F  
W S  
N F ,  E B ,  E S M S ,  B M ,  M F  
H A  
N F , E S  
W O  
T F ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S  
1 +  p a r r  s a m p l e d  i n  S e p t e m b e r  1 9 9 8  c o u l d  n o t  b e  a s s i g n e d  t o  t h e  c o h o r t  o f  1 9 9 7 ,  t h e r e f o r e  
w e r e  a s s i g n e d  t o  t h e  r e f e r e n c e  p o p u l a t i o n  J u l y  1 9 9 8 ,  h o w e v e r ,  t h e s e  r e s u l t s  s h o u l d  b e  
i n t e r p r e t e d  w i t h  c a u t i o n  a s  i t  i s  p o s s i b l e  t h a t  a l l e l e  f r e q u e n c i e s  p e r  s i t e  w e r e  n o t  s t a b l e  
b e t w e e n  c o n s e c u t i v e  y e a r s .  
6 9 
  
T a b l e  4 . 5 . 1 . 2  A s s i g n m e n t  o f  1 4  1 +  p a r r  s a m p l e d  i n  J u l y  1 9 9 9  t o  r e f e r e n c e  0 +  p a r r  s a m p l e d  
i n  J u l y  1 9 9 8  
1 +  p a r r  
A s s i g n m e n t  s i t e  
s a m o l e  s i t e  
B S  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  W S ,  H A ,  B M ,  M F  
B S  
T F ,  G B ,  N F ,  E B ,  E S ,  W S ,  B M ,  M F  
B S  
T F ,  G B ,  N F ,  E B ,  W S ,  B M ,  M F  
B S  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  M F  
N F  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  M F  
N F  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  W S ,  B M ,  M F  
E B  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  B M ,  M F  
E B  
N F ,  E B ,  E S ,  W S ,  B M  
E B  
T F ,  N F ,  E B ,  E S M S ,  W S ,  B M ,  M F  
W S  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  M F  
W S  
T F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  M F  
W O  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  M F  
W O  
T F ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  M F  
W O  
T F ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  B M ,  M F  
T a b l e  4 . 5 . 1 . 3 	  A s s i g n m e n t  o f  o n e  1 +  p a r r  s a m p l e d  i n  S e p t e m b e r  1 9 9 9  t o  r e f e r e n c e  0 +  p a r r  
s a m p l e d  i n  J u l y  1 9 9 8  
1 +  p a r r  
A s s i g n m e n t  s i t e  
s a m p l e  s i t e  
E S  
N F ,  L M ,  H A ,  T W  
T a b l e  4 . 5 . 1 . 4 	  A s s i g n m e n t  o f  7  1 +  p a r r  s a m p l e d  i n  J u l y  2 0 0 0  t o  r e f e r e n c e  0 +  p a r r  s a m p l e d  i n  
J u l y  1 9 9 9  
1 +  p a r r  
A s s i g n m e n t  s i t e  
s a m o l e  s i t e  
B S  
B S ,  W H ,  G B ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  S W ,  M F ,  T H ,  R W  
B S  N F ,  L M ,  E S M S ,  B M ,  M F ,  T W  
W S  N F , T W  
W S  
N F ,  E B ,  W S ,  B M ,  S W ,  M F ,  R W  
W S  N F ,  L M ,  B M ,  S W ,  R W  
W O  W H ,  N F ,  L M ,  E B ,  E S ,  E S M S ,  W S ,  H A ,  B M ,  M F ,  T H ,  R W  
W O  N F ,  L M ,  E B ,  E S ,  W S ,  B M ,  M F ,  R W  
P r o b a b i l i t y  o f  a s s i g n m e n t ;  1 0 0 0 0  s i m u l a t i o n s  a t  a  r e j e c t i o n  l e v e l  o f  0 . 0 1 . G e n e t i c  
d i f f e r e n t i a t i o n  b e t w e e n  y e a r s  
7 0 
  
4 . 5 . 2  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  y e a r s  
G e n e t i c  d i f f e r e n t i a t i o n  w a s  e s t i m a t e d  b e t w e e n  j u v e n i l e  S .  s a l a r  s a m p l e d  i n  t h r e e  c o n s e c u t i v e  
y e a r s .  S u m m e r  a n d  A u t u m n  0 +  s a m p l e s  w e r e  p o o l e d  i n  e a c h  y e a r ,  a s  t h e s e  f i s h  w e r e  a l l  o f  
t h e  s a m e  c o h o r t .  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  c o n s e c u t i v e  y e a r s  w a s  l o w  b u t  s i g n i f i c a n t  i n  
b o t h  1 9 9 8 - 1 9 9 9  a n d  1 9 9 9 - 2 0 0 0  a n d  g e n e t i c  d i f f e r e n t i a t i o n  a c r o s s  t w o  y e a r s ,  1 9 9 8 - 2 0 0 0  w a s  
h i g h e r  t h a n  a c r o s s  o n e  y e a r  ( T a b l e  4 . 5 . 2 ) .  
T a b l e  4 . 5 . 2  F
S T  
b e t w e e n  t h r e e  c o n s e c u t i v e  y e a r s  
D i f f e r e n t i a t i o n  b e t w e e n  F
S T  
p  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  1 9 9 8  v  
0 . 0 0 5 3  
0 . 0 0 0 1  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  1 9 9 9  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  1 9 9 9  v  0 . 0 0 3 2  0 . 0 0 0 1  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  2 0 0 0  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  1 9 9 8  v  
0 . 0 0 7 3  
0 . 0 0 0 1  
A l l  s i t e s  S u m m e r  a n d  A u t u m n  2 0 0 0  
4 . 5 . 3  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e  t i m e s  
J u v e n i l e s  w e r e  s a m p l e d  i n  S u m m e r  ( J u l y  1 9 9 8 ,  J u l y  1 9 9 9  a n d  J u l y  2 0 0 0 )  w i t h  t h e  a s s u m p t i o n  
t h a t  l i m i t e d  m i g r a t i o n  f r o m  t h e  s p a w n i n g  l o c a t i o n  w i l l  h a v e  o c c u r r e d .  I t  i s  p o s s i b l e  t h a t  p a r r  
h a v e  m i g r a t e d  w i t h i n  t h e  r i v e r  b y  t h e  A u t u m n  ( S e p t e m b e r  1 9 9 8 ,  S e p t e m b e r  1 9 9 9  a n d  
O c t o b e r  2 0 0 0 ) .  I t  w a s  n o t  p o s s i b l e  t o  m o n i t o r  t h e  j u v e n i l e s  d i r e c t l y ,  h o w e v e r  i t  m a y  b e  
p o s s i b l e  t o  i n f e r  b e h a v i o u r  f r o m  g e n e t i c  v a r i a b i l i t y  a n d  p o p u l a t i o n  s t r u c t u r e .  I f  t h e r e  a r e  n o  
d i f f e r e n c e s  b e t w e e n  s u m m e r  a n d  A u t u m n  s a m p l e s  i n  t h e  s a m e  y e a r  t h e n  t h e s e  a r e  c o n s i d e r e d  
t o  b e  r e p l i c a t e  s a m p l e s .  V e r y  l o w  b u t  s i g n i f i c a n t  d i f f e r e n t i a t i o n  b e t w e e n  S u m m e r  a n d  
A u t u m n  s a m p l e s  w a s  d e t e c t e d  i n  a l l  t h r e e  y e a r s ,  t h u s  S u m m e r  a n d  A u t u m n  s a m p l e s  w e r e  n o t  
p o o l e d  f o r  a n a l y s i s  o f  p o p u l a t i o n  s t r u c t u r e  ( T a b l e  4 . 5 . 3 ) .  
T a b l e  4 . 5 . 3  F
S T  
b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e s  f o r  t h r e e  y e a r s  
D i f f e r e n t i a t i o n  b e t w e e n  
F
S T  
p  
J u l y  1 9 9 8 - S e p t m e b e r  1 9 9 8  0 . 0 2 0 1  0 . 0 0 0 1  
J u l y  1 9 9 9 - S e p t e m b e r  1 9 9 9  
0 . 0 0 1 5  0 . 0 1 0 6  
J u l y  2 0 0 0 - 0 c t o b e r  2 0 0 0  
0 . 0 0 2 9  0 . 0 0 0 1  
4 . 5 . 4  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  
T h e  e x t e n t  o f  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  w a s  e s t i m a t e d  
u s i n g  F
S T
.  T h e  r i v e r  P i d d l e  w a s  n o t  s a m p l e d  i n  S e p t e m b e r  1 9 9 8  a n d  o n l y  a  v e r y  s m a l l  
n u m b e r  o f  s a m p l e s  w e r e  o b t a i n e d  f o r  t h e  R i v e r  P i d d l e  i n  J u l y  a n d  S e p t e m b e r  1 9 9 9 .  I f  a d u l t  
S .  s a l a r  h a v e  a  s t r o n g  h o m i n g  m e c h a n i s m  t o  t h e  n a t a l  r i v e r ,  t h e n  i t  i s  p o s s i b l e  t h a t  
d i f f e r e n t i a t i o n  m a y  o c c u r  e v e n  w h e n  t w o  r i v e r s  a r e  v e r y  c l o s e .  S i g n i f i c a n t  d i f f e r e n t i a t i o n  
b e t w e e n  t h e  R i v e r s  P i d d l e  a n d  F r o m e  w a s  d e t e c t e d  i n  J u l y  1 9 9 9 ,  J u l y  2 0 0 0  a n d  O c t o b e r  
2 0 0 0 .  N o  s a m p l e s  w e r e  o b t a i n e d  f r o m  t h e  r i v e r  P i d d l e  i n  S e p t e m b e r  1 9 9 8  a n d  s a m p l e s  s i z e s  
w e r e  v e r y  l o w  i n  J u l y  a n d  S e p t e m b e r  1 9 9 9  ( T a b l e  4 . 5 . 4 . ) .  
7 1 
  
T a b l e  4 . 5 . 4  F
S T  
b e t w e e n  P i d d l e  a n d  F r o m e  
S a m p l e  t i m e  F
S T  
b e t w e e n  P i d d l e  a n d  F r o m e  
p  
P i d d l e  N  
J u l y  1 9 9 8  0 . 0 3 3 9  
0 . 0 0 0 1  7 5  
J u l y  1 9 9 9  - 0 . 0 6 0 1  N S  
3  
S e p t  1 9 9 9  
- 0 . 0 2 2 7  
N S  
2  
J u l y  2 0 0 0  0 . 0 7 4 1  0 . 0 0 0 1  1 4  
O c t  2 0 0 0  0 . 0 2 7 6  
0 . 0 0 0 1  
2 9  
7 2 
  
4 . 6  O v e r  a l l  s i t e s  F  s t a t i s t i c s  
4 . 6 . 1  S i x - l o c u s  F  s t a t i s t i c s  
P o p u l a t i o n  s t r u c t u r e  w a s  e s t i m a t e d  u s i n g  W r i g h t ' s  F  s t a t i s t i c s .  S i g n i f i c a n t  F
r T  
w a s  d e t e c t e d  a t  
e a c h  s a m p l e  t i m e ;  F I T  v a l u e s  w e r e  b e t w e e n  0 . 1 7 9  a n d  0 . 3 2 9 .  S i g n i f i c a n t  F
S T  
w a s  d e t e c t e d  a t  
e a c h  s a m p l e  t i m e  e x c e p t  N o v e m b e r  1 9 9 8 ;  F
S T  
v a l u e s  w e r e  b e t w e e n  0 . 0 3 1  a n d  0 . 0 6 6 .  
S i g n i f i c a n t  F r s  w a s  d e t e c t e d  a t  e a c h  s a m p l e  t i m e ;  F r s  v a l u e s  w e r e  b e t w e e n  0 . 1 5 3  a n d  0 . 3 1 0  
( T a b l e  4 . 6 . 1 ) .  N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  d e t e c t e d  b e t w e e n  S u m m e r  a n d  A u t u m n  6  l o c i  F
S T  
o r  f o r  b e t w e e n  S u m m e r  a n d  A u t u m n  6  l o c u s  F r s  f o r  e a c h  s a m p l e  y e a r .  N o  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  6  l o c u s  F
S T  
w a s  d e t e c t e d  b e t w e e n  J u l y  1 9 9 8  a n d  J u l y  1 9 9 9 ,  h o w e v e r ,  a  
s i g n i f i c a n t  d i f f e r e n c e  ( p  < 0 . 0 5 )  w a s  d e t e c t e d  b e t w e e n  6  l o c u s  F
S T  
i n  J u l y  1 9 9 9  a n d  J u l y  2 0 0 0 .  
A  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  6  l o c u s  o v e r a l l  F r s  ( p  < 0 . 0 1 )  w a s  d e t e c t e d  b e t w e e n  
J u l y  1 9 9 8  a n d  J u l y  1 9 9 9 ,  h o w e v e r  n o  s i g n i f i c a n t  d i f f e r e n c e  w a s  d e t e c t e d  b e t w e e n  o v e r  a l l  F r s  
i n  J u l y  1 9 9 9  a n d  J u l y  2 0 0 0 .  D i f f e r e n c e s  b e t w e e n  s a m p l e s  t i m e s  w e r e  t e s t e d  u s i n g  t h e  
b e t w e e n - g r o u p s  t e s t  ( E q u a t i o n  3 . 7 . 1 ,  M e t h o d s ) .  
T a b l e  4 . 6 . 1  F  s t a t i s t i c s  f o r  s e v e n  s a m p l e  t i m e s ,  o v e r a l l  s i t e s  f o r 6  m i c r o s a t e l l i t e  l o c i  
S a m p l e  t i m e  
6  l o c i  F I T  
6  l o c i  F
S T  
6  l o c i  F r s  
J u l y  1 9 9 8  
0 . 3 1 6 * * * *  0 . 0 3 6 * * * *  0 . 2 9 1  * * * *  
S e p t e m b e r  1 9 9 8  
0 . 2 7 2 * * * *  0 . 0 5 4 * * * *  0 . 2 3 0 * * * *  
N o v e m b e r  1 9 9 8  
0 . 3 2 9 * * * *  
0 . 0 2 8
N S  
0 . 3 1 0 * * * *  
J u l y  1 9 9 9  
0 . 1 7 9 * * * *  
0 . 0 3 1  * * * *  
0 . 1 5 3 * * * *  
S e p t e m b e r  1 9 9 9  
0 . 2 0 7 * * *  
0 . 0 4 8 * * * *  
0 . 1 6 7 * * * *  
J u l y  2 0 0 0  
0 . 2 2 4 * * * *  
0 . 0 6 6 * * * *  
0 . 1 6 9 * * * *  
O c t o  b e r  2 0 0 0  
0 . 1 9 6 * * * *  
0 . 0 4 8 * * * *  
0 . 1 5 5 * * * *  
P  0 . 0 5 * ,  P  0 . 0 1 * * '  P  0 . 0 0 1  * * *  P  0 . 0 0 0 1 * * * * 
  
P  v a l u e s  b a s e d  o n  1 0 0 0 0  r a n d o m i s a t i o n s ;  F
r T  
r a n d o m i s a t i o n  o f  a l l e l e s  o v e r  a l l  s a m p l e s ,  F
S T 
  
r a n d o m i s a t i o n  o f  g e n o t y p e s  a m o n g  s a m p l e s ,  F r s  r a n d o m i s a t i o n  o f  a l l e l e s  w i t h i n  s a m p l e s , 
  
p r o p o r t i o n  e q u a l  t o  o r  l a r g e r  t h a n  o b s e r v e d . 
  
4 . 6 . 2  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  F  s t a t i s t i c s  
T h e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  F  s t a t i s t i c s  f o r  e a c h  s a m p l e  t i m e  w a s  e s t i m a t e d  f o l l o w i n g  
t h e  m e t h o d  o f  G o u d e t  e t  a l .  ( 1 9 9 4 ) .  T h e  h i g h e s t  p e r c e n t a g e  c o n t r i b u t i o n  w a s  d u e  t o  l o c u s  S s a  
1 9 7  a t  f o u r  o f  t h e  s a m p l e  t i m e s  a n d  f r o m  l o c u s  S s o s l  8 5  a t  t h e  o t h e r  t w o  s a m p l e  t i m e s .  T h e  
h i g h e s t  c o n t r i b u t i o n  w a s  b e t w e e n  2 0 . 0 4 3  %  a n d  2 4 . 2 0 8  % .  L o c u s  S s a  2 8 9  m a d e  t h e  l o w e s t  
c o n t r i b u t i o n  a t  e a c h  s a m p l e  t i m e ,  b e t w e e n  8 . 5 9 7  %  a n d  1 2 . 9 9 5  % .  L o c u s  S s o s l  4 1 7  h a d  t h e  
s e c o n d  l o w e s t  p e r c e n t a g e  c o n t r i b u t i o n  i n  e a c h  s a m p l e  t i m e  e x c e p t  S e p t e m b e r  1 9 9 9 ;  v a l u e s  
w e r e  b e t w e e n  1 0 . 9 5  a n d  1 6 . 9 2  ( F i g u r e s  4 . 6 . 2 . 1  t o  4 . 6 . 2 . 6 . ) .  T h e  d i f f e r e n c e s  b e t w e e n  t h e  
h i g h e s t  a n d  l o w e s t  p e r c e n t a g e  c o n t r i b u t i o n  w e r e  1 4 . 9  % , 1 7 . 5 8  % , 1 0 . 0 9  % ,  7 . 0 5 % , 1 5 . 7 1  % ,  
9 . 9 3  %  i n  s a m p l e  t i m e s  1 - 6  r e s p e c t i v e l y .  T h u s  t h e  l o c i  s e l e c t e d  i n  t h i s  s t u d y  h a d  s i m i l a r  
p e r c e n t a g e  c o n t r i b u t i o n s  t o  e s t i m a t i o n  o f  p o p u l a t i o n  s t r u c t u r e .  
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F i g u r e  4 . 6 . 2 . 1  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  J u l y  1 9 9 8  
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L o c u S !  
F i g u r e  4 . 6 . 2 . 2  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  S e p t e m b e r  1 9 9 8  
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L o c u s 
  
F i g u r e  4 . 6 . 2 . 3  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  J u l y  1 9 9 9  
2 5  ,  .~-.~ .-.-.-._.~.. . . ' . ' . • - . _ - . - - . _ - " . • '  '  '  '  - - - . - - . - - - -. • -. • . . '  '  '  .  
2 0 + 1 - - - - - - - - ­
§ 

" 5  1 5 
  
, g  
"  
8  1 0
"
"  
S s a  2 0 2  S s a  1 7 1  S s a  1 9 7  8 s o s 1 8 5  S s a  2 8 9  8 s o s 1 4 1 7 
  
L o c u s 
  
F i g u r e  4 . 6 . 2 . 4  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  S e p t e m b e r  1 9 9 9  
2 5 , "  . : . . : . . : . . : . . : . . .  .  ,  
2 0 + 1 - - ­
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S s a  2 0 2  S s a  1 7 1  S s a  1 9 7  S s o s l 8 5  S s a  2 8 9  S s o s l 4 1 7  
Locu~ 
F i g u r e  4 . 6 . 2 . 5  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  J u l y  2 0 0 0  
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E I
S s a  2 0 2  S s a  1 7 1  S s a  1 9 7  S s o s l 8 5  S s a  2 8 9  S s o s l 4 1 7  
L o c u s  
F i g u r e  4 . 6 . 2 . 6  P e r c e n t a g e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  t o t a l  F  s t a t i s t i c s ,  O c t o b e r  2 0 0 0  
4 . 6 . 3  C o n t r i b u t i o n  o f  e a c h  l o c u s  t o  o v e r  a l l  s i t e s  F r s  e s t i m a t i o n  
V e r y  h i g h  v a l u e s  o f  o v e r a l l  s i t e s  F
I S  
f o r  e a c h  s a m p l e  t i m e  w e r e  e s t i m a t e d  i n  t h i s  s t u d y  
( T a b l e  4 . 6 . 1 ) .  T h e  c o n t r i b u t i o n  o f  e a c h  l o c u s  t o  e s t i m a t i o n  o f  F r s  w a s  a n a l y s e d  a t  s e v e n  
s a m p l e  t i m e s .  F r s  v a l u e s  o b t a i n e d  u s i n g  l o c u s  S s o s l  4 1 7  w e r e  m u c h  h i g h e r  t h a n  t h e  a v e r a g e  
o f  t h e  o t h e r  l o c i  a n d  w e r e  o u t s i d e  t h e  s t a n d a r d  e r r o r  o f  t h e  o v e r a l l  l o c u s  ( i n c l u d i n g  S s o s 1 4 1 7 )  
v a l u e  a t  e a c h  s a m p l e  t i m e  ( F i g u r e  4 . 6 . 3 . 1  t o  4 . 6 . 3 . 6 ) .  
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F i g u r e  4 . 6 . 3 . 1  F r s  v a l u e s  p e r  l o c u s  a n d  o v e r  a l l  l o c i ,  J u l y  1 9 9 8  
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F i g u r e  4 . 6 . 3 . 3  F r s  v a l u e s  p e r  l o c u s  a n d  o v e r  a l l  l o c i ,  J u l y  1 9 9 9  
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F i g u r e  4 . 6 . 3 . 4  F r s  v a l u e s  p e r  l o c u s  a n d  0  v e r  a l l  l o c i ,  S e p t e m b e r  1 9 9 9  
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F i g u r e  4 . 6 . 3 . 5  F r s  v a l u e s  p e r  l o c u s  a n d  o v e r  a l l  l o c i ,  J u l y  2 0 0 0  
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L o c u '  
F i g u r e  4 . 6 . 3 . 6  F r s  v a l u e s  p e r  l o c u s  a n d  o v e r  a l l  l o c i ,  O c t o b e r  2 0 0 0  
4 . 6 . 4  F i v e - l o c u s  F  s t a t i s t i c s  
H i g h  F r s  v a l u e s  w e r e  e s t i m a t e d  w i t h  s i x  l o c i  i n c l u d i n g  l o c u s  S s o s l  4 1 7 ,  t h e r e f o r e  d a t a  f r o m  
S s o s l  4 1 7  w e r e  r e m o v e d  a n d  F  s t a t i s t i c s  c a l c u l a t e d  u s i n g  5  l o c i  o n l y .  W i t h  5  l o c i ,  s i g n i f i c a n t  
F I T  w a s  d e t e c t e d  a t  e a c h  s a m p l e  t i m e  ( F I T  0 . 0 7 5  t o  0 . 2 2 6 ) ,  s i g n i f i c a n t  F
S T  
w a s  d e t e c t e d  a t  e a c h  
s a m p l e  t i m e  e x c e p t  N o v e m b e r  1 9 9 8  ( F
s T  
= 0 . 0 3  t o  0 . 0 5 2 )  a n d  s i g n i f i c a n t  F r s  w a s  d e t e c t e d  a t  
e a c h  s a m p l e  t i m e  ( F r s  0 . 0 4 4  t o  0 . 2 0 2 )  ( T a b l e  4 . 6 . 4 ) .  E s t i m a t i o n  o f  F  s t a t i s t i c s  w i t h  5  l o c i  o n l y  
r e s u l t e d  i n  l o w e r  e s t i m a t e s  o f  F I T  a t  e a c h  s a m p l e  t i m e  ( F i g u r e  4 . 6 . 4 . 1 ) ,  l o w e r  e s t i m a t e s  o f  F
S T  
a t  e a c h  s a m p l e  t i m e  e x c e p t  J u l y  1 9 9 9  ( F i g u r e  4 . 6 . 4 . 2 )  a n d  l o w e r  e s t i m a t e s  o f  F r s  
( F i g u r e  4 . 6 . 4 . 3 ) .  
N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  d e t e c t e d  b e t w e e n  o v e r  a l l  s i t e s  F I T  v a l u e s  f o r  S u m m e r  a n d  
A u t u m n  i n  a n y  y e a r .  N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  d e t e c t e d  b e t w e e n  o v e r  a l l  s i t e s  F
S T  
f o r  
S u m m e r  a n d  A u t u m n  f o r  a n y  y e a r .  N o  s i g n i f i c a n t  d i f f e r e n c e  i n  F
S T  
v a l u e s  w a s  d e t e c t e d  
b e t w e e n  J u l y  1 9 9 8  a n d  J u l y  1 9 9 9  o r  b e t w e e n  J u l y  1 9 9 9  a n d  J u l y  2 0 0 0 .  N o  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  F r s  e s t i m a t e s  i n  J u l y  1 9 9 9  a n d  J u l y  2 0 0 0  w e r e  d e t e c t e d ,  h o w e v e r  
s i g n i f i c a n t  d i f f e r e n t i a t i o n  ( p  < 0 . 0 1 )  b e t w e e n  F r s  i n  J u l y  1 9 9 8  a n d  J u l y  1 9 9 9  w a s  d e t e c t e d .  
D i f f e r e n t i a t i o n  b e t w e e n  g r o u p s  w a s  t e s t e d  u s i n g  E q u a t i o n  3 . 7 . 1  ( M e t h o d s ) .  
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T a b l e  4 . 6 . 4  F  s t a t i s t i c s  f o r  s e v e n  s a m p l e  t i m e s  o v e r  5  l o c i  ( n o  S s o s 1 4 1 7 )  
S a m p l e  t i m e  
J u l y  1 9 9 8  
S e p t e m b e r  1 9 9 8  
N o v e m b e r  1 9 9 8  
J u l y  1 9 9 9  
S e p t e m b e r  1 9 9 9  
J u l y  2 0 0 0  
O c t o b e r  2 0 0 0  
5  l o c i  F I T  
5  l o c i  F
S T  
5  l o c i  F
l s  
0 . 2 2 6 · . . •  
0 . 0 3 0 . . . .  
0 . 2 0 2 · · · ·  
0 . 1 5 7 . . . .  
0 . 0 4 6 . . • •  
0 . 1 1 6  
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p  v a l u e s  b a s e d  o n  1 0 0 0 0  r a n d o m i s a t i o n s ;  F I T  r a n d o m i s a t i o n  o f  a l l e l e s  o v e r  a l l  s a m p l e s ,  F S T  
r a n d o m i s a t i o n  o f  g e n o t y p e s  a m o n g  s a m p l e s ,  F
l s  
r a n d o m i s a t i o n  o f  a l l e l e s  w i t h i n  s a m p l e s ,  
p r o p o r t i o n  e q u a l  t o  o r  l a r g e r  t h a n  O b s e r v e d .  p  0 . 0 5 * ,  P  0 . 0 1 * * ,  P  0 . 0 0 1  * * *  P  0 . 0 0 0 1  * * * *  
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J Y 9 8  S P 9 8  N V 9 8  J Y 9 9  S P 9 9  J Y O O  O C O O  
s a m p l e  t i m e  
F i g u r e  4 . 6 . 4 . 3 F
I S  
p e r  s a m p l e  t i m e  c a l c u l a t e d  w i t h  6  l o c i  a n d  w i t h  5  l o c i  
S i g n i f i c a n t  F
S T  
c o u l d  b e  d u e  t o  n o n - r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  o r  d u e  t o  s a m p l i n g  o f  
s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  s i t e .  T h e  p o s s i b i l i t y  o f  s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  
s i t e  c a n  b e  r u l e d  o u t  i f  p a i r w i s e  F
S T  
v a l u e s  w e r e  c o r r e l a t e d  w i t h  e n v i r o n m e n t a l  d i s t a n c e s  
b e t w e e n  s i t e s  a n d  o r  d i f f e r e n c e s  i n  e n v i r o n m e n t a l  v a r i a b l e s  b e t w e e n  s i t e s  a n d  i f  t e m p o r a l  
s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y  o c c u r r e d .  
E s t i m a t e s  o f  F
S T  
i n  J u l y  1 9 9 8 ,  N o v e m b e r  1 9 9 8  a n d  J u l y  1 9 9 9  a r e  w i t h i n  t h e  r a n g e  o f  
p r e v i o u s l y  p u b l i s h e d  e s t i m a t e s  o f  f o r  S .  s a l a r  p o p u l a t i o n s  i n  r i v e r s  o f  s i m i l a r  s i z e ;  t h e  v a l u e s  
f o r  S e p t e m b e r  1 9 9 8 ,  S e p t e m b e r  1 9 9 9 ,  J u l y  2 0 0 0  a n d  O c t o b e r  2 0 0 0  a r e  l a r g e r  t h a n  p r e v i o u s l y  
p u b l i s h e d  v a l u e s .  P r e v i o u s  e s t i m a t e s  a p p e a r  t o  b e  s i m i l a r  m a g n i t u d e ,  i n d e p e n d e n t  o f  t h e  
m o l e c u l a r  m a r k e r  a n d  i n d e p e n d e n t  o f  t h e  s i z e  o f  d i s t a n c e s  b e t w e e n  s i t e s .  P r e v i o u s  e s t i m a t e s  
o f  w i t h i n  r i v e r  d i f f e r e n t i a t i o n  v a r i e d  b e t w e e n  F
S T  
= 0 . 0 1 0 9  ( B e a c h a m  a n d  D e m p s o n  1 9 9 8 )  
a n d  F
S T  
= 0 . 0 3 4  ( G a r a n t  e t  a l .  2 0 0 0 ) .  P e r c e n t a g e  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  v a r i e d  b e t w e e n  
0 . 7  %  N S  ( J o r d a n  e t  a l .  1 9 9 2 )  a n d  3 . 6  %  S E  1 . 3  ( S t a h l  1 9 9 8 )  ( 1 . 6  %  ( O ' C o n n e l l  e t  a l .  1 9 9 5 ) ,  1 . 6  
% S E  0 . 3 8  ( G a l v i n  e t  a l .  1 9 9 4 ) ,  3 . 4  %  * * *  ( G a l v i n  e t  a l .  1 9 9 6 ) ,  3 . 4  %  ( M c E l l i g o t t  a n d  C r o s s  
1 9 9 1 » .  
E s t i m a t e s  o f F
I S  
o b t a i n e d  i n  t h i s  s t u d y  w e r e  h i g h ,  h o w e v e r ,  i t  i s  n o t  p o s s i b l e  t o  c o m p a r e  t h e s e  
t o  F
I S  
v a l u e s  f o r  o t h e r  S .  s a l a r  p o p u l a t i o n s .  N o  F
I S  
v a l u e s  f o r  o t h e r  S .  s a l a r  p o p u l a t i o n s  h a v e  
p r e v i o u s l y  b e e n  p u b l i s h e d ,  h o w e v e r  a  p o p u l a t i o n  o f  a n a d r o m o u s  A r c t i c  C h a r  ( S a l v e l i n u s  
a l p i n u s )  ( B e r n a t c h e z  e t  a l .  1 9 9 8 )  h a d  F
I S  
v a l u e s  o f  0 . 0 7 8  t o  0 . 1 1 8 .  
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4 . 7  F i v e - l o c u s  F I s  p e r  s i t e  
F
I S  
p e r  s i t e  v a r i e d  w i t h  l o c u s  a n d  s a m p l e  t i m e  ( A p p e n d i x  7 . 4 . 7 . 1  t o  7 . 4 . 7 . 7 ) .  S i g n i f i c a n t  F I S  
w a s  d e t e c t e d  a t  1 0  s i t e s  i n  J u l y  1 9 9 8  ( F i g u r e  4 . 7 . 1 ) ,  t h r e e  s i t e s  i n  S e p t e m b e r  1 9 9 8  
( F i g u r e  4 . 7 . 2 ) ,  t w o  s i t e s  i n  J u l y  1 9 9 9  ( F i g u r e  4 . 7 . 3 ) ,  f o u r  s i t e s  i n  S e p t e m b e r  1 9 9 9  
( F i g u r e  4 . 7 . 4 )  a n d  J u l y  2 0 0 0  ( F i g u r e  4 . 7 . 5 )  a n d  t h r e e  s i t e s  i n  O c t o b e r  2 0 0 0  ( F i g u r e  4 . 7 . 6 ) .  
S i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  M o r e t o n  F o r d  ( M F )  a t  f i v e  s a m p l e  t i m e s ,  s i g n i f i c a n t  F
I S  
w a s  
d e t e c t e d  a t  N o r r i s  F a r m  ( N F )  a t  f o u r  s a m p l e  t i m e s  a n d  s i g n i f i c a n t  F
I S  
w a s  d e t e c t e d  a t  L e w e l l  
M i l l  ( L M )  a t  t h r e e  s a m p l e  t i m e s  ( T a b l e  4 . 7 . 1 ) .  
T a b l e  4 . 7 . 1  S i t e s  w i t h  s i g n i f i c a n t  F
I S  
f o r  6  s a m p l e  t i m e s  
S a m p l e  t i m e  S i g n i f i c a n t  F I s  a t  s i t e s  
J u l y  1 9 9 8  
T F  a ,  W H  , N F * ,  L M * a ,  E B - '
a
,  E S - - '
a
,  
E S M S * a  W S * a  H A * a  M F * *
, , ,  
S e p t e m b e r  1 9 9 8  
N F  a ,  M B  , M F  a 
  
J u l y  1 9 9 9  
B M * * * ,  M F " 
  
S e p t e m b e r  1 9 9 9  
N F * * * ,  E B * ,  B M * ,  M F * 
  
J u l y  2 0 0 0  
W H * ,  L M * * ,  E S  * a ,  M F * a 
  
O c t o b e r  2 0 0 0  
N F * * ,  L M * * ,  M B * * 
  
S i g  a t  p  0 . 0 5  * ,  p  0 . 0 1  * * ,  P 0 . 0 0 1  * * * . 
  
B o n f e r r o n i  c o r r e c t e d  s i g n i f i c a n c e ;  i n d i c a t i v e  a d j u s t e d  n o m i n a l  l e v e l  ( 5 % )  * a . 
  
A  l a r g e  F
I S  
v a l u e  w i t h  l o w  a l l e l e  n u m b e r  i n d i c a t e s  a  s m a l l  n u m b e r  o f  f a m i l i e s .  I f  f i s h  a r e  
r a n d o m l y  m a t i n g  w i t h i n  a  s i t e  t h e n  F
I S  
w i l l  b e  z e r o ,  h o w e v e r ,  i f  s i g n i f i c a n t  F I s  i s  d e t e c t e d  
w i t h i n  a  s i t e ,  i t  i s  p o s s i b l e  t h a t  m o r e  t h a n  o n e  p o p u l a t i o n  e x i s t e d  a t  t h a t  s i t e ;  e f f e c t i v e l y  
p o p u l a t i o n s  h a v e  b e e n  p o o l e d .  T h e  n u m b e r  o f  a d u l t s  s p a w i n g  a t  a  s i t e  c a n n o t  b e  d i r e c t l y  
m o n i t o r e d  i n  t h i s  r i v e r ,  h o w e v e r ,  t h e  n u m b e r  o f  r e d d s  i n  a n  a r e a  w i l l  g i v e  a n  i n d i c a t i o n  o f  t h e  
n u m b e r  o f  f e m a l e s  s p a w n i n g  a t  a  s i t e .  
I n  J a n u a r y  2 0 0 0  a n  a s s e s s m e n t  o f  t h e  n u m b e r  o f  r e d d s  ( s a l m o n  s p a w n i n g  a r e a s )  w a s  m a d e  a t  
1 0  s i t e s .  O n l y  r e d d s  b i g g e r  t h a n  5 0 c m  i n  l e n g t h  w e r e  n o t e d .  T h i s  w a s  t o  r e d u c e  t h e  p o s s i b i l i t y  
o f  c o u n t i n g  s m a l l  S .  t r u t t a  ( r e s i d e n t  B r o w n  t r o u t  a n d  s e a  t r o u t )  r e d d s .  C r i s p  ( 2 0 0 0 )  n o t e d  t h a t  
s a l m o n  r e d d s  a r e  a b o u t  3 . 5  t i m e s  t h e  l e n g t h  o f  t h e  f e m a l e  t h a t  e x c a v a t e s  i t .  W i t h  t h e  
m i n i m u m  l e n g t h  o f  F r o m e  s a l m o n  a p p r o x i m a t i n g  4 5  c m  t h a t  e q u a l s  a  m i n i m u m  r e d d  l e n g t h  
o f  a r o u n d  1 . 5  m .  T h u s  s o m e  s m a l l  t r o u t  o r  s e a  t r o u t  r e d d s  m a y  h a v e  b e e n  c o u n t e d  i n  e r r o r .  
P e r s o n a l  o b s e r v a t i o n  i n  t h e  r e l a t i v e l y  s l o w  f l o w i n g  c h a l k  s t r e a m s  h o w e v e r  i n d i c a t e  t h a t  
s m a l l e r  r e d d s  m a y  b e  c o n s t r u c t e d  b y  s a l m o n  a n d  t h u s  o n l y  c o u n t i n g  r e d d s  > 1 . 5  m  w o u l d  m i s s  
s o m e  r e d d s .  N o  d i f f e r e n t i a t i o n  b e t w e e n  s a l m o n  a n d  l a r g e  s e a  t r o u t  r e d d s  c o u l d  b e  m a d e .  
T h e  l a r g e s t  n u m b e r  o f  r e d d s  w e r e  d e t e c t e d  a t  W a t e r b a r n  S t r e a m  ( W S ) ,  h o w e v e r  a t  a l l  o t h e r  
s i t e s  e i t h e r  o n e  o r  n o  r e d d s  w e r e  d e t e c t e d .  W a t e r b a r n  s t r e a m  h a d  a  l o w  a n d  n o n - s i g n i f i c a n t  
F I s  a s  w o u l d  b e  e x p e c t e d  i f  a  l a r g e  n u m b e r  o f  a d u l t s  s p a w n e d  a t  t h i s  s i t e ,  a s  i n d i c a t e d  b y  t h e  
h i g h  r e d d  c o u n t .  H i g h ,  s i g n i f i c a n t  F l s  w a s  d e t e c t e d  a t  L e w e l l  M i l l  ( L M )  a n d  M o r e t o n  F o r d  
( M F )  a n d  r e d d  c o u n t s  a t  t h e s e  s i t e s  w e r e  l o w ,  i n d i c a t i n g  t h a t  a  s m a l l  n u m b e r  o f  a d u l t s  
s p a w n e d  a t  t h e s e  s i t e s .  
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N o  r e d d s  s e e n  0 . 0 6 1
N S  
P  v a l u e  b a s e d  o n  1 2 6 0 0  r a n d o m i s a t i o n s ,  p  O . O S  * ,  P  0 . 0 1  * * ,  P  0 . 0 0 1 * * * .  I n d i c a t i v e  a d j u s t e d  
n o m i n a l  l e v e l  ( S % )  w a s  0 . 0 0 0 4 8 ,  p  S  %  a d j u s t e d  * a .  
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4 . 8  G e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  
4 . 8 . 1  P a i r w i s e  F
S T  
F
S T  
w a s  c a l c u l a t e d  b e t w e e n  e a c h  p a i r  o f  s i t e s  f o r  e a c h  s a m p l e  t i m e  t o  d e t e r m i n e  w h i c h  s i t e s  
w e r e  g e n e t i c a l l y  d i f f e r e n t i a t e d  a n d  t o  d e t e r m i n e  t h e  m a g n i t u d e  o f  b e t w e e n - s i t e  d i f f e r e n t i a t i o n  
( A p p e n d i x  S e c t i o n  7 . 4 . 8 ,  F i g u r e s  7 . 4 . 8 . 1  t o  7 . 4 . 8 . 7 ) .  S i g n i f i c a n t  p a i r w i s e  F
S T  
e s t i m a t e s  w e r e  
o b t a i n e d  f o r  a  l a r g e  n u m b e r  o f  s i t e s  a t  e a c h  s a m p l e  t i m e  ( F i g u r e s  4 . 8 . 1 . 1  t o  4 . 8 . 1 . 6 ) .  
S i g n i f i c a n c e  o f  p a i r w i s e  F S T  w a s  o b t a i n e d  b y  r a n d o r n i s a t i o n s .  M u l t i p l e  t e s t s  w e r e  p e r f o r m e d ,  
t h e r e f o r e  s i g n i f i c a n c e  w a s  B o n f e r r o n i  c o r r e c t e d .  T h i s  c o r r e c t i o n  i s  v e r y  c o n s e r v a t i v e  a n d  
n o n - c o r r e c t e d  s i g n i f i c a n c e  v a l u e s  w e r e  a l s o  n o t e d .  
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F i g u r e  4 . 8 . 1 . 1  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m  i n  J u l y  
1 9 9 8 ,  t o t a l  1 5  s i t e s  
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F i g u r e  4 . 8 . 1 . 2  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m  i n  
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F i g u r e  4 . 8 . 1 . 3  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m  i n  J u l y  
1 9 9 9 ,  t o t a l  1 5  s i t e s  
S e p t e m b e r  1 9 9 9  
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F i g u r e  4 . 8 . 1 . 4  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m  i n  
S e p t e m b e r  1 9 9 9 ,  t o t a l  1 6  s i t e s  
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F i g u r e  4 . 8 . 1 . 5  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m ,  J u l y  2 0 0 0 .  
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I _ S i 9  B o n f e r r o n i  c o r r e c t e d  _ S i g  u n c o r r e c t e d  I  
F i g u r e  4 . 8 . 1 . 6  N u m b e r  o f  s i t e s  t h a t  e a c h  s i t e  w a s  s i g n i f i c a n t l y  d i f f e r e n t i a t e d  f r o m ,  O c t o b e r  
2 0 0 0 ,  t o t a l  1 4  s i t e s  
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4 . 8 . 2  M a g n i t u d e  o f  p a i r w i s e  F
S T  
T h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  i n  J u l y  1 9 9 8  w a s  0 . 0 0 0 5 ,  b e t w e e n  s i t e s  E B - W S  a n d  
t h e  h i g h e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  w a s  0 . 1 1 2 6 ,  b e t w e e n  s i t e s  M B - T W .  I n  S e p t e m b e r  
1 9 9 8 ,  t h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  w a s  0 . 0 1 6 7 ,  b e t w e e n  s i t e s  E B - M F  a n d  t h e  
l a r g e s t  w a s  0 . 2 4 5 9 ,  b e t w e e n  s i t e s  H A - M C .  I n  J u l y  1 9 9 9 ,  t h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  w a s  0 . 0 0 8 6 ,  b e t w e e n  E S - W S  a n d  t h e  h i g h e s t  F
S T  
w a s  0 . 2 2 2 4 ,  b e t w e e n  W O - S W .  I n  
S e p t e m b e r  1 9 9 9 ,  t h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  w a s  0 . 0 0 2 5 ,  b e t w e e n  N F - W S  a n d  
t h e  h i g h e s t  w a s  0 . 1 1 5 7 ,  b e t w e e n  S W - L M .  I n  J u l y  2 0 0 0 ,  t h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F
S T  
v a l u e  w a s  0 . 0 0 4 4 ,  b e t w e e n  N F - W H  a n d  t h e  h i g h e s t  w a s  0 . 1 7 2 0 ,  b e t w e e n  N F - E S M S .  I n  
O c t o b e r  2 0 0 0 ,  t h e  l o w e s t  s i g n i f i c a n t  p a i r w i s e  F S
T  
v a l u e  w a s  0 . 0 0 9 8 ,  b e t w e e n  N F - E S  a n d  t h e  
h i g h e s t  w a s  0 . 1 0 7 2 ,  b e t w e e n  W O - E S M S  ( F i g u r e  4 . 8 . 2 ) .  
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F i g u r e  4 . 8 . 2  L o w e s t  a n d  h i g h e s t  p a i r w i s e  F
S T  
a t  6  s a m p l e  t i m e s  
8 6 
  
•  
•  
4 . 9 	  R e l a t i o n s h i p  b e t w e e n  g e n e t i c  p o p u l a t i o n  s t r u c t u r e  a n d  g e o g r a p h i c a l  d i s t a n c e  
b e t w e e n  s i t e s  
T h e  r e l a t i o n s h i p  b e t w e e n  p o p u l a t i o n  s t r u c t u r e  a n d  d i s t a n c e  b e t w e e n  s i t e s  c a n  b e  i n v e s t i g a t e d  
b y  s e q u e n t i a l  p o o l i n g  o f  a d j a c e n t  s i t e s  a n d  r e c a l c u l a t i o n  o f  F
l s  
f o r  e a c h  p o o l i n g  g r o u p  s t a g e  
a n d  b y  c o r r e l a t i o n  o f  p a i r w i s e  F
S T  
w i t h  g e o g r a p h i c a l  d i s t a n c e  b e t w e e n  s i t e s .  
4 . 9 . 1 	  P o o l i n g  a d j a c e n t  s i t e s  
T o  d e t e r m i n e  i f  s u b s t r u c t u r e  o c c u r s  i n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  a t  a  c e r t a i n  l e v e l  s i t e s  
w e r e  s u c c e s s i v e l y  p o o l e d  a n d  F
l s  
r e - c a l c u l a t e d  f o r  e a c h  g r o u p i n g  f o l l o w i n g  t h e  m e t h o d  o f  
G o u d e t  e t  a l .  ( 1 9 9 4 ) .  I f  s u b s t r u c t u r e  o c c u r s  a t  a  c e r t a i n  l e v e l  t h e n  a  l a r g e  j u m p  i n  F l s  b e t w e e n  
t h e  t w o  p o o l i n g  g r o u p s  w o u l d  b e  o b s e r v e d .  I n  t h e  R i v e r s  F r o m e  a n d  P i d d l e ,  s u c c e s s i v e  
g r o u p i n g  o f  s i t e s  d i d  n o t  r e s u l t  i n  a  d i s t i n c t  i n c r e a s e  i n  F l s  w i t h  a n y  p o o l i n g  s t a g e  ( F i g u r e s  
4 . 9 . 1  t o  4 . 9 . 6 ) .  
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F i g u r e  4 . 9 . 3  C h a n g e  i n  F
l s  
w i t h  s a m p l e  s i t e  p o o l i n g ,  J u l y  1 9 9 9  
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F i g u r e  4 . 9 . 4  C h a n g e  i n  F
l s  
w i t h  s a m p l e  s i t e  p o o l i n g ,  S e p t e m b e r  1 9 9 9  
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F i g u r e  4 . 9 . 5  C h a n g e  i n  F
l s  
w i t h  s a m p l e  s i t e  p o o l i n g ,  J u l y  2 0 0 0  
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F i g u r e  4 . 9 . 6  C h a n g e  i n  F
l s  
w i t h  s a m p l e  s i t e  p o o l i n g ,  O c t o b e r  2 0 0 0  
P o o l i n g  g r o u p  s t a g e  
S t a g e  1  
N o  p o o l i n g  
S t a g e  2  
P i d d l e  ( s i t e s  1 + 2 ) ,  F r o m e
a  
( s i t e s  3 ,  8 ,  9 ,  1 4 ,  1 7 ) ,  F r o m e
b  
( s i t e s  7 ,  1 0 ,  1 3 ,  1 5 , 
  
1 8 ,  1 9 ,  2 1 ) ,  F r o m e
c  
( s i t e s  4 , 5 , 6 ,  1 6 , 2 0 , 2 2 )  a n d  F r o m e
d  
( 1 1 ,  2 2 ) . 
  
S t a g e  3  
P i d d l e  ( s i t e s  1 + 2 ) ,  F r o m e
a  
+
b  
( s i t e s  3 ,  7 , 8 , 9 , 1 0 , 1 3 , 1 4 , 1 5 , 1 7 , 1 8 , 1 9 , 2 1 )  a n d 
  
F r o m e
c  
+
d  
( s i t e s  4 , 5 , 6 ,  1 1 ,  1 2 ,  1 6 , 2 0 , 2 2 ) .  
S t a g e  4  
P i d d l e  ( s i t e s  1 - 2 )  a n d  F r o m e  ( s i t e s  3 - 2 2 ) .  
S t a g e  5  A l l  s i t e s  p o o l e d .  
( s e e  s i t e  m a p  S e c t i o n  3 ,  M e t h o d s ,  F i g u r e  3 . 1 .  f o r  s i t e  n a m e s  a n d  l o c a t i o n ) ;  
8 8 
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•  
4 . 9 . 2  G e o g r a p h i c a l  d i s t a n c e  b e t w e e n  s i t e s  a n d  p a i r w i s e  F
S T  
S i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  ( p a i r w i s e  F s
T
)  w a s  d e t e c t e d  d e s p i t e  v e r y  
s m a l l  g e o g r a p h i c a l  d i s t a n c e s  b e t w e e n  s i t e s .  T h e  l a r g e s t  d i s t a n c e  a p a r t  o f  a n y  p a i r  w a s  5 6  k m  
a n d  t h e  s m a l l e s t  d i s t a n c e  w a s  0 . 7 4  k m .  A  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  p a i r w i s e  
F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  w a s  o b s e r v e d  i n  J u l y  2 0 0 0  ( F i g u r e  4 . 9 . 2 . 1 ) .  N o  c o r r e l a t i o n  w a s  
d e t e c t e d  b e t w e e n  p a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  a t  a n y  o t h e r  s a m p l e  t i m e  ( A p p e n d i x  
S e c t i o n  7 . 4 . 9 ,  F i g u r e s  7 . 4 . 9 . 1  t o  7 . 4 . 9 . 5 ) .  
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F i g u r e  4 . 9 . 2 . 1  P a i r w i s e  F S
T
a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  s i t e s ,  J u l y  2 0 0 0  
I f  t h e r e  a r e  n o  d i f f e r e n c e s  i n  a l l e l e  f r e q u e n c y  b e t w e e n  s i t e s  t h e n  F
S T  
w i l l  b e  z e r o .  I t  i s  
p o s s i b l e  t o  o b t a i n  n e g a t i v e  F
S T  
v a l u e s  i f  a m o n g - i n d i v i d u a l s  v a r i a n c e  i s  g r e a t e r  t h a n  t h e  
a m o n g  s u b p o p u l a t i o n s  v a r i a n c e .  I n  t h i s  s t u d y  n e g a t i v e  p a i r w i s e  F
S T  
v a l u e s  w e r e  o b t a i n e d  a t  
e a c h  s a m p l e  t i m e  a n d  i s  p o s s i b l e  t h a t  t h e  R p  b e t w e e n  p a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  i s  
a f f e c t e d  b y  t h e  i n c l u s i o n  o f  n e g a t i v e  F
S T  
v a l u e s ,  t h e r e f o r e  n e g a t i v e  F
S T  
v a l u e s  w e r e  s e t  t o  
z e r o .  I n  J u l y  2 0 0 0 ,  c h a n g i n g  n e g a t i v e  F
S T  
v a l u e s  t o  z e r o  i n c r e a s e d  t h e  R p  f r o m  0 . 3 9 8  t o  0 . 4 0 2  
( F i g u r e  4 . 9 . 2 . 2 ) ,  h o w e v e r  s i g n i f i c a n t  c o r r e l a t i o n  w a s  n o t  d e t e c t e d  a t  a n y  o t h e r  s a m p l e  t i m e  
( A p p e n d i x  S e c t i o n  7 . 4 . 9 ,  F i g u r e s  7 . 4 . 9 . 6  t o  7 . 4 . 9 . 1 1 ) .  
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F i g u r e  4 . 9 . 2 . 2  P a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  s i t e s ,  J u l y  2 0 0 0 ,  n e g a t i v e  F S
T  
v a l u e s  s e t  t o  z e r o  
T h e  r e l a t i o n s h i p  b e t w e e n  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  a n d  g e o g r a p h i c  d i s t a n c e s  
b e t w e e n  s i t e s  w a s  i n v e s t i g a t e d  u s i n g  t h e  r i v e r  F r o m e  s a m p l e s  o n l y .  S i g n i f i c a n t  c o r r e l a t i o n  
w a s  d e t e c t e d  b e t w e e n  R i v e r  F r o m e  p a i r w i s e  F
S T  
v a l u e s  a n d  d i s t a n c e  b e t w e e n  s i t e s  i n  
S e p t e m b e r  1 9 9 9  ( F i g u r e  4 . 9 . 2 . 3 )  a n d  O c t o b e r  2 0 0 0  ( F i g u r e  4 . 9 . 2 . 4 ) .  N o  c o r r e l a t i o n  w a s  
d e t e c t e d  a t  a n y  o t h e r  s a m p l e  t i m e  ( A p p e n d i x  S e c t i o n  7 . 4 . 9 ,  F i g u r e s  7 . 4 . 9 . 1 2  t o  7 . 4 . 9 . 1 4 ) .  
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d " l S . s r c e  
F i g u r e  4 . 9 . 2 . 3  P a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  s i t e s ,  R i v e r  F r o m e  o n l y ,  
S e p t e m b e r  1 9 9 9 ,  n e g a t i v e  F
S T  
v a l u e s  s e t  t o  z e r o  
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a l S . s r c e  
F i g u r e  4 . 9 . 2 . 4  P a i r w i s e  F
S T  
a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  s i t e s ,  R i v e r  F r o m e  o n l y ,  
O c t o b e r  2 0 0 0 ,  n e g a t i v e  F
S T  
v a l u e s  s e t  t o  z e r o  
9 0 
  
4 . 1 0  E n v i r o n m e n t a l  c h a r a c t e r i s t i c s  
4 . 1 0 . 1  F l o w  r a t e  c a t e g o r y  
F l o w  r a t e  c a t e g o r y  w a s  d e t e r m i n e d  a t  e a c h  s i t e .  A  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  
p a r r  l e n g t h  a n d  f l o w  c a t e g o r y  w a s  d e t e c t e d  ( F i g u r e  4 . 1 0 . 1 . 2 ) .  S i g n i f i c a n t  r e l a t i o n s h i p s  w e r e  
s h o w n  f o r  J u l y  a n d  S e p t e m b e r  s a m p l e s  i n  a l l  t h r e e  y e a r s  ( R
2  
= 0 . 6 5 ,  p < 0 . 0 5  - 0 . 9 2 ,  p <  
0 . 0 0 1 ) .  A s  a b s o l u t e  l e n g t h s  o f  p a r r  v a r i e d  b e t w e e n  y e a r s ,  c o m p a r i s o n s  b e t w e e n  c o m b i n e d  
s u r v e y s  w e r e  m a d e  o n  r a n k e d  d a t a ,  l a r g e s t  p a r r  b e i n g  r a n k e d  o n e  ( F i g u r e  4 . 1 0 . 1 . 1 ) .  A g a i n  
s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  b e t w e e n  s i t e s  i n d i c a t i n g  t h a t  g o o d  g r o w t h  w a s  s i t e  s p e c i f i c  
a n d  n o t  r a n d o m .  R a n k e d  p a r r  l e n g t h s  f o r  a l l  s a m p l e s  w e r e  a l s o  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
r i v e r  f l o w  c a t e g o r y  ( p < 0 . 0 5 ) .  
P a r r  R a n k  v s  F l o w  c a t  
R
2  
=  0 . 3 6 9 2  
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f l o w  c a t e g o r y  
F i g u r e  4 . 1 0 . 1 . 1  
R a n k e d  p a r r  l e n g t h  v e r s u s  s t r e a m  o r d e r .  N o t e  l a r g e s t  p a r r  r a n k e d  1  
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c
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F l o w  c a t e g o r y  
O C t  2 0 0 0  
J u l y  2 0 0 0  
1 1  
7  
E  1 0 . 5  
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E  
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E  
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2
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F l o w  c a t e g o r y  
F l o w  c a t e g o r y  
F i g u r e  4 . 1 0 . 1 . 2 	  
R e l a t i o n s h i p  b e t w e e n  m e a n  l e n g t h  o f  s a l m o n  p a r r  ( ± S E )  a n d  f l o w  
c a t e g o r y  i n  t h e  R i v e r  F r o m e  
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4 . 1 0 . 2  T e m p e r a t u r e  
T e m p e r a t u r e  l o g g e r s  w e r e  p l a c e d  i n  t h e  r i v e r  a t  e i g h t  l o c a t i o n s .  T h e s e  s i t e s  e n c o m p a s s e d  t h e  
m a j o r i t y  o f  t h e  m a j o r  r i v e r  b i o t o p e s  c o v e r e d  b y  t h e  f i s h  s a m p l i n g  ( T a b l e  4 . 1 0 . 2 . 1 . ) .  
T a b l e  4 . 1 0 . 2 . 1 L o c a t i o n s  o f  t e m p e r a t u r e  l o g g e r s  a n d  f l o w  c a t e g o r y  o f  e a c h  s i t e  
L o g g e r  N o  
R i v e r  1 S t r e a m  
L o c a t i o n  F l o w  C a t .  E x a c t  l o c a t i o n  
1  
T a d n o l l  B r o o k  
W i n f r i t h  H e a t h  
1  8 0 2 8 7 5  
2  
W o o l  S t r e a m  
B i n d o n  A b b e y  
1  
8 5 4 8 6 9  
3  B i n d o n  M i l l s t r e a m  
B i n d o n  A b b e y  
2  8 5 4 8 6 9  
4  R .  F r o m e  N o r r i s  M i l l  3  7 3 8 9 0 8  
5  R .  F r o m e  
L e w e l l  M i l l  
4  7 3 9 9 0 1  
6  R .  F r o m e  
M u c k l e f o r d  B r .  4  6 4 2 9 3 7  
7  
E a s t  S t o k e  M i l l h e a d  E a s t  S t o k e  6  
8 7 0 8 6 8  
8  
R .  F r o m e  
E a s t  B u r t o n  
6  
8 2 4 8 7 5  
T e m p e r a t u r e  l o g g e r s  w e r e  c a l i b r a t e d  a g a i n s t  e a c h  o t h e r  p r i o r  t o  p l a c i n g  i n  t h e  r i v e r ,  a  
m a x i m u m  m e a n  v a r i a t i o n  o f  0 . 2 7 °  C e l s i u s  w a s  f o u n d  b e t w e e n  t h e m .  T h e  v a r i a n c e  b e t w e e n  
l o g g e r s  w a s  n o t  s i g n i f i c a n t  ( M o o d s  m e d i a n  t e s t  p < O . O l ) .  T h e  l o g g e r s  w e r e  i n s t a l l e d  o n  
1 9 / 1 / 2 0 0 0  a n d  w e r e  s e t  t o  l o g  t e m p e r a t u r e  e v e r y  h o u r .  L o g g e r s  w e r e  d o w n l o a d e d  a t  i n t e r v a l s  
t h r o u g h o u t  t h e  y e a r .  F i n a l  d a t a  f o r  a n a l y s i s  w a s  c o l l e c t e d  o n  4 1 1 / 2 0 0 1 .  
M a n y  s t u d i e s  h a v e  s h o w n  t h a t  f i s h  g r o w t h  i s  h i g h l y  c o r r e l a t e d  w i t h  t e m p e r a t u r e  ( E l l i o t t  1 9 7 5  
e t  a i ,  C r i s p  2 0 0 0 ) .  T h e r e  i s  a  t h r e s h o l d  t e m p e r a t u r e  b e l o w  w h i c h  t h e y  d o  n o t  g r o w  ( i n  s a l m o n  
6 °  C e l s i u s )  a n d  t e m p e r a t u r e  r e q u i r e m e n t s  f o r  f i s h  a r e  o f t e n  e x p r e s s e d  i n  d e g r e e - d a y s  a b o v e  
t h i s  t h r e s h o l d .  H o w e v e r ,  g r o w t h  a n d  t e m p e r a t u r e  i s  n o t  a  l i n e a r  f u n c t i o n .  A b o v e  t h e  t h r e s h o l d  
t e m p e r a t u r e  g r o w t h  r a t e s  i n c r e a s e  u p  t o  a n  o p t i m a l  t e m p e r a t u r e  a n d  t h e n  d e c l i n e  u n t i l  a n  
u p p e r  l i m i t  f o r  g r o w t h  ( o r  s u r v i v a l )  i s  r e a c h e d  ( T a b l e  4 . 1 0 . 2 . 2 ) .  
T a b l e  4 . 1 0 . 2 . 2 T e m p e r a t u r e  l i m i t s  f o r  s a l m o n  p a r r  g r o w t h  ( f r o m  E l l i o t t  &  H u r l e y  1 9 9 7 )  
S a l m o  s a l a r  
U p p e r  t e m p e r a t u r e  l i m i t  ( T U )  
2 2 . 5 °  C e l s i u s  
O p t i m u m  g r o w t h  t e m p e r a t u r e  ( T M )  
1 5 . 9 °  C e l s i u s  
L o w e r  t e m p e r a t u r e  l i m i t  ( T L )  6 . 0 °  C e l s i u s  
R i v e r  t e m p e r a t u r e s  w e r e  t h e r e f o r e  c o n v e r t e d  t o  o p t i m i s e d  d e g r e e  d a y s  ( O D D )  i n  o r d e r  t o  
m o r e  a c c u r a t e l y  r e f l e c t  t h i s  p a t t e r n  o f  t e m p e r a t u r e  i n f l u e n c e  o n  g r o w t h .  F i g u r e  4 . 1 0 . 2 . 1 .  
s h o w s  t h e  v a l u e s  f o r  b o t h  d e g r e e - d a y s  a n d  o p t i m i s e d  d e g r e e - d a y  f o r  t e m p e r a t u r e  v a l u e s  
b e t w e e n  1  a n d  2 4 °  C e l s i u s  a n d  c l e a r l y  s h o w s  t h e  d i f f e r i n g  r e s u l t s  o b t a i n e d  f r o m  t h e  t w o  
m e t h o d s ,  w i t h  O D D  m o r e  a c c u r a t e l y  r e f l e c t i n g  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  u p o n  t h e  f i s h  
g r o w t h .  
E q n  1  
O D D  =  ( T - T L I M ) / ( T M - T u M ) ]  
W h e r e :  
T  =  w a t e r  t e m p e r a t u r e ,  T L I M  =  T L  i f T 0  T M  o r  T u M  =  T U  i f  T  2 : T M .  
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F i g u r e  4 . 1 0 . 2 . 1 	  T e m p e r a t u r e  v a l u e s  o f  1 - 2 5 °  C e l s i u s  c o n v e r t e d  t o  D e g r e e  D a y s  > 6  a n d  
O p t i m i s e d  D e g r e e  D a y s  ( O D D )  
T e m p e r a t u r e  d a t a  w e r e  a l s o  a n a l y s e d  w i t h  r e f e r e n c e  t o  t h e  p e r c e n t a g e  o f  t h e  m a x i m u m  
o p t i m a l  t e m p e r a t u r e  f o r  g r o w t h  o v e r  t h e  t i m e  p e r i o d s  n o t e d  f o r  t h e  I n s t a n t a n e o u s  G r o w t h  r a t e  
c a l c u l a t i o n s  i . e  t h e  o b s e r v e d  v a l u e  c o m p a r e d  w i t h  t h e  v a l u e  i f  t h e  t e m p e r a t u r e  h a d  b e e n  1 5 . 9 °  
C e l s i u s .  
B e t w e e n  1 5 t  M a y  ( n o m i n a l  g r a v e l  e m e r g e n c e  d a t e  f o r  s a l m o n )  a n d  1 2
t h  
J u l y  ( a v e r a g e  d a t e  o f  
s u m m e r  s a m p l i n g )  v a l u e s  o f  O D D  a v e r a g e d  b e t w e e n  7 3 %  a n d  8 4 %  o f  t h e  m a x i m u m  
p o s s i b l e .  I n  t h e  p e r i o d  b e t w e e n  1 2
t h  
J u l y  a n d  2 0
t h  
O c t o b e r  ( a p p r o x i m a t e  d a t e  o f  a u t u m n  
s a m p l i n g )  v a r i a t i o n  b e t w e e n  s i t e s  w a s  l e s s ,  r a n g i n g  f r o m  7 9 %  t o  8 3 %  o f  t h e  m a x i m u m  
p o s s i b l e .  M a y  t o  J u l y  v a l u e s  w e r e  s i g n i f i c a n t l y  ( p < O . O I )  c o r r e l a t e d  w i t h  d i s t a n c e  f r o m  s o u r c e  
o f  t h e  s i t e ,  w i t h  h i g h e r  O D D  v a l u e s  b e i n g  f o u n d  i n  t h e  f u r t h e s t  d o w n s t r e a m  s i t e s  ( F i g u r e  
4 . 1 0 . 2 . 2 ) .  J u l y  t o  O c t o b e r  v a l u e s  h o w e v e r  w e r e  n o t  c o r r e l a t e d  w i t h  d i s t a n c e  f r o m  s o u r c e .  T h i s  
d i f f e r e n c e  c o u l d  b e  d u e  t o  t h e  h i g h e r  d i f f e r e n c e  b e t w e e n  a i r  a n d  w a t e r  t e m p e r a t u r e  i n  t h e  
r i v e r  b e t w e e n  M a y  a n d  J u l y  c o m p a r e d  w i t h  b e t w e e n  J u l y  a n d  O c t o b e r  ( C E H  d a t a ) .  
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A v e r a g e  O D D  v s  D i s t  f r o m  S o u r c e  
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D i s t a n c e  f r o m  s o u r c e  ( K m )  
F i g u r e  4 . 1 0 . 2 . 2 	  R e l a t i o n s h i p  b e t w e e n  A v e r a g e  o p t i m i s e d  d e g r e e  d a y s  a n d  d i s t a n c e  
f r o m  s o u r c e  f o r  t h e  p e r i o d s  M a y  t o  J u l y  a n d  J u l y  t o  O c t o b e r  
N o  r e l a t i o n s h i p  w a s  f o u n d  b e t w e e n  f l o w  c a t e g o r y  a n d  M a y  t o  J u l y  o r  J u l y  t o  O c t o b e r  O D D .  
T h e  O D D  v a l u e s  w e r e  c o m p a r e d  w i t h  m e a n  f i s h  l e n g t h  a n d  I n s t a n t a n e o u s  G r o w t h  R a t e  ( G )  a t  
e a c h  o f  t h e  s i t e s  w h e r e  t h e  t e m p e r a t u r e  w a s  m o n i t o r e d .  N o  r e l a t i o n s h i p  b e t w e e n  t e m p e r a t u r e  
a n d  m e a n  f i s h  l e n g t h  i n  J u l y  a n d  O c t o b e r  o r  g r o w t h  r a t e  c o u l d  b e  f o u n d  ( F i g u r e  4 . 1 0 . 2 . 3 ) .  I n  
J u l y  h o w e v e r  t h e  l o w e s t  g r o w t h  r a t e  o b s e r v e d  w a s  a l s o  a s s o c i a t e d  w i t h  t h e  l o w e s t  O D D  
o b s e r v e d  b e t w e e n  M a y  a n d  J u l y .  L i k e w i s e  i n  O c t o b e r  t h e  t w o  l o w e s t  g r o w t h  r a t e s  w e r e  
a s s o c i a t e d  w i t h  t h e  l o w e s t  O D D  b e t w e e n  J u l y  a n d  O c t o b e r .  
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O D D v s G  - M a y t o  J u l y  
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O D D  
O D D  v s  G  - J u l y  t o  O c t o b e r  
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1 . 2  
•
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t . - '  0 . 8  
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0 . 6  
0 . 4  
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0 . 0  
8 0 . 0 0  8 1 . 0 0  8 2 . 0 0  8 3 . 0 0  
8 4 . 0 0  
O D D  
F i g u r e  4 . 1 0 . 2 . 3  
R e l a t i o n s h i p  b e t w e e n  s a l m o n  p a r r  g r o w t h  a n d  O D D  f o r  t h e  p e r i o d s 
  
M a y  t o  J u l y  ( M - J )  a n d  J u l y  t o  O c t o b e r  ( J - O ) 
  
9 6 
  
4 . 1 1  G e n e t i c  d i f f e r e n t i a t i o n  a n d  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  s i t e s  
G e n e t i c  d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  s i t e s ,  m e a s u r e d  a s  p a i r w i s e  F
s T
.  G e n e t i c  
d i f f e r e n t i a t i o n  m a y  b e  c o r r e l a t e d  w i t h  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  s i t e s .  
E n v i r o n m e n t a l  d i f f e r e n c e s  m a y  b e  c o r r e l a t e d  w i t h  d i s t a n c e  t h e r e f o r e  i f  s i g n i f i c a n t  c o r r e l a t i o n  
i s  d e t e c t e d  b e t w e e n  p a i r w i s e  F
S T  
a n d  e n v i r o n m e n t ,  p a r t i a l  r e g r e s s i o n  c a n  b e  u s e d  t o  c o n t r o l  
f o r  t h e  e t l e c t  o f  o n e  v a r i a b l e  w h i l e  t e s t i n g  t h e  e f f e c t  o f  a n o t h e r .  
R i v e r  t e m p e r a t u r e  w a s  m e a s u r e d  a t  s e v e n  s i t e s  ( W H ,  N F ,  L M ,  E B ,  E S ,  B M ,  W O )  i n  J u l y  a n d  
O c t o b e r  2 0 0 0  o n l y  a n d  r i v e r  t e m p e r a t u r e  w a s  c o n v e r t e d  t o  o p t i m a l  d e g r e e  d a y s .  D i f f e r e n c e  i n  
o p t i m a l  d e g r e e  d a y s  ( O D D )  w a s  l a r g e s t  b e t w e e n  s i t e s  B M  a n d  W H  i n  J u l y  2 0 0 0  ( A p p e n d i x  
S e c t i o n  7 0 4 . 1 1 ,  F i g u r e  7 0 4 . 1 1 . 1 )  a n d  w a s  l a r g e s t  b e t w e e n  s i t e s  E S  a n d  L M  i n  O c t o b e r  2 0 0 0  
( A p p e n d i x  S e c t i o n  7 0 4 . 1 1 ,  F i g u r e  7 0 4 . 1 1 . 2 ) .  N o  c o r r e l a t i o n  w a s  d e t e c t e d  b e t w e e n  d i f f e r e n c e s  
i n  o p t i m a l  d e g r e e  d a y s  b e t w e e n  s i t e s  a n d  p a i r w i s e  F
S T  
b e t w e e n  s i t e s  f o r  J u l y  2 0 0 0  ( R p  ­
0 . 2 0 2 ,  P  0 . 3 7 9 )  o r  f o r  O c t o b e r  2 0 0 0  ( R p  0 . 1 9 7 ,  P  0 . 3 9 2 ) .  
O i t l e r e n c e s  i n  n o w  r a t e  c a t e g o r y  w e r e  c a l c u l a t e d  a t  1 3  s i t e s  i n  J u l y  1 9 9 9 ,  1 4  s i t e s  i n  
S e p t e m b e r  1 9 9 8 ,  1 4  s i t e s  i n  J u l y  1 9 9 9 ,  1 5  s i t e s  i n  S e p t e m b e r  1 9 9 9 ,  1 4  s i t e s  i n  J u l y  2 0 0 0  a n d  
1 3  s i t e s  i n  O c t o b e r  2 0 0 0  ( A p p e n d i x  S e c t i o n  7 0 4 . 1 1 ,  F i g u r e s  7 0 4 . 1 1 . 3  t o  7 0 4 . 1 1 . 8 ) .  N o  
c o r r e l a t i o n  w a s  d e t e c t e d  b e t w e e n  d i f f e r e n c e s  i n  n o w  r a t e  c a t e g o r y  b e t w e e n  s i t e s  a n d  p a i r w i s e  
F
S T  
a t  a n y  s a m p l e  t i m e ;  J u l y  1 9 9 8  R p  - 0 . 0 5 6 ,  p  0 . 6 2 4 ,  S e p t e m b e r  1 9 9 8  R p  0 . 1 4 4  P  0 . 1 7 4 ,  
J u l y  1 9 9 9  R p  - 0 . 0 4 4 ,  P  0 . 6 8 ,  S e p t e m b e r  1 9 9 9  R p  0 . 1 2 4 ,  P  0 . 2 0 8 ,  J u l y  2 0 0 0  R p  0 . 0 4 2 ,  P  
0 . 6 9 3 ,  O c t o b e r  2 0 0 0  R p  - 0 . 0 4 8 ,  P  0 . 6 7 7 .  
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4 . 1 2  T e m p o r a l  s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y  
D e t e c t i o n  o f  t e m p o r a l  s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y  w o u l d  i n d i c a t e  t h a t  a d u l t  S .  s a l a r  
r e t u r n e d  t o  t h e  n a t a l  s i t e  t o  s p a w n  a n d  w o u l d  a l l o w  t h e  p o s s i b i l i t y  o f  s a m p l i n g  s m a l l  n u m b e r s  
o f  f a m i l i e s  t o  b e  r u l e d  o u t .  
E l e v e n  s i t e s ;  W e s t  H o l m e ,  G r e y ' s  B r i d g e ,  N o r r i s  F a r m ,  L e w e l l  M i l l ,  E a s t  B u r t o n ,  E a s t  S t o k e ,  
E a s t  S t o k e  M i l l s t r e a m ,  W a t e r b a r n  S t r e a m ,  W h i t f i e l d  H a t c h e s  a n d  B i n d o n  M i l l s t r e a m ,  w e r e  
s a m p l e d  i n  a l l  t h r e e  y e a r s .  J u v e n i l e s  s a m p l e d  i n  t h e  A u t u m n  o f  e a c h  s a m p l e  y e a r  w e r e  n o t  
u s e d  i n  t h e  a n a l y s i s  b e c a u s e  i t  i s  p o s s i b l e  t h a t  t h e s e  f i s h  m a y  h a v e  m i g r a t e d  b e t w e e n  s i t e s .  F  
s t a t i s t i c s  w e r e  e s t i m a t e d  f o r  j u s t  t h e  1 1  s i t e s  s a m p l e d  i n  t h e  S u m m e r  o f  e a c h  y e a r .  O v e r  
5  l o c i ,  s i g n i f i c a n t  F I T  w a s  d e t e c t e d  i n  e a c h  o f  t h e  t h r e e  y e a r s ,  s i g n i f i c a n t  F
S T  
w a s  d e t e c t e d  i n  
e a c h  o f  t h e  t h r e e  y e a r s  a n d  s i g n i f i c a n t  F
1 S  
w a s  d e t e c t e d  i n  e a c h  o f  t h e  t h r e e  y e a r  
( T a b l e  4 . 1 2 . 1 . ) .  
T a b l e  4 . 1 2 . 1  S u m m a r y  F  s t a t i s t i c s  o v e r  5  l o c i  o v e r  a l l  s i t e s  
s a m p l e  t i m e  
N  
F I T  
F
S T  
F
1 S  
J u l y  1 9 9 8  3 0 5  
0 . 2 1 9 * * * *  
0 . 0 2 * * * *  0 . 2 0 3 * * * *  
J u l y  1 9 9 9  2 3 1  
0 . 0 6 7 * * * *  0 . 0 2 4 * * * *  
0 . 0 4 4 * *  
J u l y  2 0 0 0  2 8 3  
0 . 0 9 2 * * * *  0 . 0 4 5 * * * *  
0 . 0 4 9 * *  
P  v a l u e s  b a s e d  o n  1 0 0 0 0  r a n d o m i s a t i o n s ;  F I T  r a n d o m i s a t i o n  o f  a l l e l e s  o v e r  a l l  s a m p l e s ,  F
S T  
r a n d o m i s a t i o n  o f  
g e n o t y p e s  a m o n g  s a m p l e s ,  F , s  r a n d o m i s a t i o n  o f  a l l e l e s  w i t h i n  s a m p l e s ,  p r o p o r t i o n  e q u a l  t o  o r  l a r g e r  t h a n  
o b s e r v e d .  p  0 . 0 1 "  p O . O O l · · ·  p O . O O O l · · · · .  
P a i r w i s e  F
S T  
w a s  c a l c u l a t e d  a c r o s s  y e a r s  ( T a b l e s  4 . 1 2 . 3  a n d  4 . 1 2 . 4 ) .  A  t e s t  w a s  a p p l i e d  t o  
e s t i m a t e  t h e  t e m p o r a l  s t a b i l i t y  o f  a l l e l e  f r e q u e n c y .  A  s i g n i f i c a n t  n e g a t i v e  v a l u e  i n d i c a t e s  
t e m p o r a l  s t a b i l i t y  o f  a l l e l e  f r e q u e n c y  w i t h i n  s i t e s .  N o  s i g n i f i c a n t  t e m p o r a l  s t a b i l i t y  o f  s i t e  
a l l e l e  f r e q u e n c i e s  w a s  d e t e c t e d  ( T a b l e  4 . 1 2 . 2 ) ,  t h u s  i t  i s  n o t  p o s s i b l e  t o  s t a t e  t h a t  a d u l t  S .  
s a l a r  r e t u r n e d  t o  n a t a l  s p a w n i n g  s i t e s  w i t h i n  t h e  R i v e r s  F r o m e  a n d  P i d d l e  i n  t h e s e  t h r e e  
y e a r s .  
T a b l e  4 . 1 2 . 2  T e m p o r a l  s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y ;  Q - T e s t  
Y e a r 	  
1 1  s i t e s  s a m p l e d  
N e g a t i v e  F
S T  
v a l u e s  R i v e r  F r o m e  o n l y  
i n  e a c h  S u m m e r  t o  z e r o  
1 9 9 8 - 2 0 0 0  
_ 0 . 1 0 2
N S  
/  /  
1 9 9 8 - 1 9 9 9  
- 0 . 0 6 3  N S  - 0 . 0 4 9  N S  - 0 . 0 2 2  N S  
1 9 9 9 - 2 0 0 0  
0 . 0 3 1  N S  0.018N~ 
- 0 . 0 4 7  N S  
T h e  p o w e r  o f  t h e  t e s t  w a s  e x a m i n e d  u s i n g  d a t a  f r o m  a  p u b l i s h e d  s t u d y  o f  7  s i t e s  w i t h i n  a  
r i v e r ,  s a m p l e d  o v e r  t w o  c o n s e c u t i v e  y e a r s  ( G a r a n t  e t  a l .  2 0 0 0 )  ( T a b l e  4 . 1 2 . 5 ) .  P a i r w i s e  F
S T  
v a l u e s  w e r e  b e t w e e n  0 . 0 0 7 7  a n d  0 . 0 8 3 7 .  A  s i g n i f i c a n t  n e g a t i v e  t e s t  v a l u e  w a s  o b t a i n e d ;  
Q  =  - 0 . 2 5 9  ( p  =  0 . ( 2 )  i n d i c a t i n g  t e m p o r a l  s t a b i l i t y  o f  a l l e l e  f r e q u e n c y  i n  t h i s  r i v e r .  
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T a b l e  4 . 1 2 . 3  P a i r w i s e  F
S T  
v a l u e s  b e t w e e n  1 1  s i t e s  o n  t h e  R i v e r s  F r o m e  a n d  P i d d l e ,  s a m p l e d  
i n  J u l y  1 9 9 8 - J u l y  1 9 9 9  
s i t e  J Y 9 8  J Y 9 8  
J Y 9 8  J Y 9 8  
J Y 9 8  J Y 9 8  
J Y 9 8  
J Y 9 8  
J Y 9 8  
J Y 9 8  
J Y 9 8  
B S  W H
G B  N F  
L M  E B  E S  
E S M S W S  H A  
B M  
J Y 9 9  
- 0 . 0 6 7 2  
- 0 . 0 2 9 2  
- 0 . 0 4 9 2  - 0 . 0 2 2 8  
- 0 . 0 3 8 9  - 0 . 0 6 0 8  
- 0 . 0 4 1  - 0 . 0 5 2 3  - 0 . 0 7 6 7  - 0 . 0 3 6 5  
- 0 . 0 3 2 5  
B S  
* a  
J Y 9 9  
0 . 0 5 8 9  0 . 0 6 5 5  
0 . 0 5 3 9  0 . 0 1 9 8  
- 0 . 0 2 1 6  
- 0 . 0 1 3 3  - 0 . 0 2 8 9  - 0 . 0 1 9 9  - 0 . 0 0 9 3  - 0 . 0 1 9 6  
0 . 0 3 8 5  
W H * a  
*  
J Y 9 9  0 . 0 1 9 8  
- 0 . 0 1 9 3  
0 . 0 0 2 7  
0 . 0 0 6  0 . 0 2 0 5  
0 . 0 1 5 7  0 . 0 1 3 2  0 . 0 1 6 4  0 . 0 0 8 3  0 . 0 4 6 4  
0 . 0 4  
G B  
* a
* a * * * a  
* *  * a
* a  
J Y 9 9  0 . 0 4 2  
0 . 0 4 1 9  
0 . 0 1 7  
0 . 0 3 7 2  0 . 0 2 4 4  
0 . 0 1 7 7  0 . 0 1 6  0 . 0 2 2 7  0 . 0 1 5 3  0 . 0 4 1 8  
0 . 0 3 5 6  
N F
* *  * a  
* a  * a
* a * a
* a  
J Y 9 9  
0 . 0 7 2 6  0 . 0 9 1 3  
0 . 0 9 8 9  
0 . 0 5 6  0 . 0 4 0 9  
0 . 0 3 0 4  0 . 0 3 4 8  0 . 0 2 9 1  
0 . 0 3 7 9  
0 . 0 5 2 6  
0 . 0 3 7 9  
L M
* *  * a
* a * a
* a  * a * a
* a
* a  
J Y 9 9  
0 . 0 5 9 2  
0 . 0 1 1 1  0 . 0 4 5 9  
0 . 0 3 3 2  0 . 0 5 6 8  0 . 0 1 4 3  0 . 0 l 8  
- 0 . 0 0 3 1  0 . 0 2 5 3  0 . 0 2 7 9  
0 . 0 2 9 5  
E B
*  
* a  *  
* a  
* a  
* a  
* * *
* * *
* * *  
J Y 9 9  E S  
0 . 0 1 6  0 . 0 1 7 3  
0 . 0 1 3 8  0 . 0 3 7 7  
0 . 0 1 8 4  0 . 0 0 0 9  0 . 0 0 2 4  
0 . 0 0 4 1  
- 0 . 0 1 3 1  0 . 0 1 3  
0 . 0 2 9 6  
* *  *  
*
* *  *
* *
* *
* a  
J Y 9 9  
0 . 0 2 7  
0 . 0 3 3 8  
0 . 0 4 1 1  0 . 0 4 2 4  
0 . 0 3 6 4  0 . 0 1 7 9  0 . 0 1 8 1  0 . 0 0 5 6  0 . 0 1 2 5  0 . 0 4 3 4  
0 . 0 4 6 7  
E S M S
* *  
*  
* a  
* a  * * *  
* a  
* * *  
* a  * a  
* a  
J Y 9 9  0 . 0 4 9 3  
0 . 0 0 7 5  
0 . 0 2 7 8  0 . 0 0 9 9  
0 . 0 4 7  
0 . 0 0 0 3  0 . 0 0 3 4  
0 . 0 0 3 6  0 . 0 0 9 3  0 . 0 1 8 3  
0 . 0 3 0 7  
W S * * *  * a  * a
* a  * a
* a * a * a  
J Y 9 9  
0 . 0 9 4 4  
0 . 0 9 8 9  
0 . 0 8 2 3  0 . 0 5 1 9  0 . 0 5 7 1  
0 . 0 2 9 4  0 . 0 3 1 6  0 . 0 5 5 6  0 . 0 3 7 6  
0 . 0 5 5 7  0 . 0 7 5 6  
H A
* a  
*  
* a  
* a  * * *
* a  * a  * a  
* a  
* a  
J Y 9 9  
0 . 0 3 3 1  0 . 0 0 4 6  0 . 0 0 6 8  
0 . 0 3 5 2  
0 . 0 2 1 7  
0 . 0 1 9  
0 . 0 2 3 4  0 . 0 2 4  0 . 0 1 1 8  
0 . 0 2 9 6  
0 . 0 3 4 4  
B M * *  
* a
*  *  
* a  * a * a
* a
* a  
T a b l e  4 . 1 2 . 4 	  P a i w i s e  F
S T  
v a l u e s  b e t w e e n  1 1  s i t e s  o n  t h e  R i v e r s  F r o m e  a n d  P i d d l e ,  s a m p l e d  
i n  J u l y  1 9 9 9 - J u l y  2 0 0 0  
s i t e  
J Y 9 9  J Y 9 9  
J Y 9 9  J Y 9 9  
J Y 9 9  J Y 9 9  
J Y 9 9  J Y 9 9  
J Y 9 9  J Y 9 9  
J Y 9 9  
B S  
W H  
G B  N F  
L M E B  E S  E S M S
W S  
H A  
B M  
J Y O O  B S  
0 . 0 7 5 7  
0 . 0 9 1 3  
0 . 1 2 1 8  0 . 0 9 4 2  0 . 0 5 7 3  
0 . 0 7 8 8  
0 . 0 9 3  
0 . 1 1 4 7  0 . 0 8 8 7  
0 . 0 7 7 4  0 . 0 9 3  
* *  * a  * a  
* a  * *  * a  
* * * * a  
J Y O O W H  
- 0 . 0 8 2 8  · 0 . 0 1 8 9  
0 . 0 0 8 1  0 . 0 0 2 1  
0 . 0 0 7 8  
- 0 . 0 0 4 7  
- 0 . 0 0 5 5  0 . 0 1 5 9  
- 0 . 0 0 5 5  
0 . 0 0 5 2  
- 0 . 0 0 5 5  
J Y O O  G B  0 . 0 0 1 7  0 . 0 0 4 6  0 . 0 7 8 6  
0 . 0 3 4 6  0 . 0 4 5 2  
0 . 0 4 3 8  0 . 0 5 5 9  
0 . 0 7 9 9  
0 . 0 6 4 6  
0 . 0 5 6 4  
0 . 0 6 3 7  
* a  
* * * * a  
* *  
J Y O O  N F  - 0 . 0 2 1 7  
- 0 . 0 1 2 7  0 . 0 3 4 6  
0 . 0 1 5 3  0 . 0 5 1 1  0 . 0 4 1 6  
0 . 0 2 1 6  
0 . 0 5 6  
0 . 0 3 2 8  0 . 0 2 2 9  
0 . 0 1 9 8  
*  
* a  * *  
J Y O O L M  
- 0 . 0 5 1 1  
0 . 0 1 0 9  0 . 0 3 5 4  
0 . 0 2 9  0 . 0 1 9 7  
0 . 0 0 4 4  0 . 0 1 6 3  
0 . 0 4 1 1  
0 . 0 0 7 6  
0 . 0 2 6 2  
0 . 0 2 3 4  
* *  * a  
* *  
J Y O O  E B  
- 0 . 0 6 0 6  
0 . 0 0 6 1  0 . 0 1 0 7  
0 . 0 1 1 2  
0 . 0 2 7 9  0 . 0 0 8 2  
0 . 0 0 0 7  0 . 0 1 3 6  0 . 0 0 4 8  
0 . 0 3 8 8  0 . 0 0 7 2  
*  
* * *  
* *  
* a  
J Y O O  E S  
0 . 0 0 0 5  
0 . 0 7 4  
0 . 0 1 4 7  0 . 0 7 4 5  0 . 1 0 6 3  0 . 0 6 8 4  
0 . 0 7 2 2  0 . 0 7 5 9  
0 . 0 4 5 6  0 . 1 0 2 5  
0 . 0 5 8 5  
*  
*  
* a
* a  * *  
J Y O O  
- 0 . 0 3 0 3  
- 0 . 0 2 0 7  
0 . 0 2 8 4  
0 . 0 1 8 1  0 . 0 3 9 8  
0 . 0 2 0 5  0 . 0 2 5 9  0 . 0 3 2 4  0 . 0 1 1  
0 . 0 3 7 5  0 . 0 1 4 6  
E S M S  * a * a * a  
*  
* a  
J Y O O W S  - 0 . 0 6 4 6  0 . 0 5 3 6  
0 . 0 2 8 7  0 . 0 3 9 9  0 . 0 8 2  
0 . 0 4 6 2  0 . 0 0 3 4  0 . 0 2 5 6  0 . 0 2 2 8  
0 . 0 7 4 2  
0 . 0 1 2 9  
*  
* * *  * * *  
*  
J Y O O  H A  
- 0 . 0 4 1 3  0 . 0 5 7 1  
0 . 0 3 8 3  
0 . 0 2 2 6  
0 . 0 6 3 9  
0 . 0 6 8 4  
0 . 0 4 9 6  
0 . 0 8 9 7  0 . 0 7 2 3  0 . 0 7 5 8  
0 . 0 6 0 3  
* * *  
J Y O O  B M  - 0 . 0 3 9 2  - 0 . 0 0 3 7  
0 . 0 2 9 1  0 . 0 1 6 4  0 . 0 5 1 6  0 . 0 2 3 5  
- 0 . 0 0 7 3  
0 . 0 0 7 6  0 . 0 1 6 1  0 . 0 4 7 2  
- 0 . 0 0 1 3  
* *  
* * *  * *  
P  v a l u e s  o b t a i n e d  a f t e r  2 3 1 0 0  p e r m u t a t i o n s .  I n d i c a t i v e  a d j u s t e d  n o m i n a l  l e v e l  ( 5 ' k )  f o r  m u l t i p l e  c o m p a r i s o n s  i s  
0 . 0 0 0 2 1 6 .  P O . 0 5 *  ( n o n  a d j u s t e d ) ,  p O . 0 1  * *  ( n o n  a d j u s t e d ) ,  p O . 0 0 1  * * *  ( n o n  a d j u s t e d ) .  p  5  %  l e v e l  * a  ( B o n f e r o n i  
a d j u s t e d ) .  
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T a b l e  4 . 1 2 . 5  P a i r w i s e  F
S T  
v a l u e s  b e t w e e n  7  s i t e s  o v e r  t w o  c o n s e c u t i v e  y e a r s ,  R i v e r  S a i n t e ­
M a r g u e r i t e ,  C a n a d a  ( G a r a n t  e t  a l .  2 0 0 0 )  
s i t e  P R 2 7  P R 8 1  P R 5 8  N 0 0 5  N E 0 6  
N E 2 8  X A 0 1  
1 9 9 7  1 9 9 7  1 9 9 7  1 9 9 7  1 9 9 7  
1 9 9 7  1 9 9 7  
P R 2 7  0 . 0 1 2 9  0 . 0 1 7 5  0 . 0 3 0 5  0 . 0 4 3 2  0 . 0 1 9 2  
0 . 0 2 0 1  0 . 0 3 0 5  
1 9 9 6  
P R 8 1  
0 . 0 1 9 4  0 . 0 2 6  0 . 0 3 6 9  0 . 0 4 8 3  0 . 0 2 5 5  
0 . 0 3 2 3  
0 . 0 2 2 2  
1 9 9 6  
P R 5 8  
0 . 0 2 3 2  
0 . 0 1 8 4  0 . 0 3 8  0 . 0 4 1 1  
0 . 0 2 5 7  
0 . 0 3 8  0 . 0 2 9 6  
1 9 9 6  
N 0 0 5  
0 . 0 3 6 3  
0 . 0 4 7 7  
0 . 0 8 3 7  
0 . 0 3 9 6  0 . 0 5 8 2  
0 . 0 4 6 4  
0 . 0 7 2 8  
1 9 9 6  
N E 0 6  0 . 0 1 8 7  0 . 0 1 7 4  0 . 0 3 9 2  
0 . 0 4 2 3  0 . 0 1 6 9  0 . 0 2 9 6  0 . 0 2 7 0  
1 9 9 6  
N E 2 8  
0 . 0 0 7 7  0 . 0 1 2 8  0 . 0 4 1 7  0 . 0 2 6 9  0 . 0 1 4  
0 . 0 1 9 2  0 . 0 1 9 3  
1 9 9 6  
X A 0 1  0 . 0 2 9 6  
0 . 0 4 0 9  0 . 0 4 4 5  0 . 0 5 4 9  0 . 0 2 9  0 . 0 2 9 1  
0 . 0 3 5 2  
1 9 9 6  
1 0 0 
  
4 . 1 3  L o n g  t e r m  g e n e t i c  v a r i a t i o n  
4 . 1 3 . 1  N u m b e r  o f  s a m p l e s  p e r  c o h o r t  y e a r  
A g e  i n f o r m a t i o n  w a s  n o t  a v a i l a b l e  f o r  a l l  t h e  s c a l e  s a m p l e s  a n a l y s e d  a n d  o n l y  t h e  i n d i v i d u a l s  
t h a t  c o u l d  b e  a s s i g n e d  t o  t h e  c o r r e c t  c o h o r t  y e a r  w e r e  i n c l u d e d  i n  f u r t h e r  s t a t i s t i c a l  a n a l y s i s .  
A t  l o c u s  S s a  2 0 2 ,  s a m p l e s  f r o m  c o h o r t  y e a r  1 9 6 8 - 1 9 7 1  a n d  1 9 9 2 - 1 9 9 5  w e r e  a n a l y s e d ,  s a m p l e  
s i z e s  w e r e  b e t w e e n  1  a n d  5 5  ( F i g u r e  4 . 1 3 . 1 ) .  A t  l o c u s  S s a  1 7 1 ,  s a m p l e s  f r o m  1 9 8 4  t o  1 9 9 5  
w e r e  a n a l y s e d  a n d  s a m p l e  s i z e  p e r  c o h o r t  y e a r  w a s  b e t w e e n  1  a n d  3 0  ( F i g u r e  4 . 1 3 . 2 ) .  A t  
l o c u s  S s o s 1 8 5 ,  s a m p l e s  f r o m  c o h o r t  y e a r s  1 9 6 1 - 1 9 6 3 ,  1 9 6 5 ,  1 9 6 6 - 1 9 7 5  a n d  1 9 8 2 - 1 9 9 5  w e r e  
a n a l y s e d  a n d  s a m p l e  s i z e s  w e r e  b e t w e e n  1  a n d  5 5  ( F i g u r e  4 . 1 3 . 3 ) .  
T a b l e  4 . 1 3 . 1  N u m b e r  o f  s c a l e  s a m p l e s  p r o c e s s e d  
L o c u s  
T o t a l  n u m b e r  s a m p l e s  N u m b e r  o f  s a m p l e s  w i t h  
a n a l y s e d  p e r  l o c u s  
a g e  i n f o r m a t i o n  
S s a  2 0 2  
3 3 9  
2 3 0  
S s a  1 7 1  
1 4 2  1 0 4  
S s o s 1 8 5  
6 5 4  4 8 0  
L o c u s  S s a  2 0 2  
( / )  6 0  1 · · . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · l  
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c o h o r t  y e a r  
F i g u r e  4 . 1 3 . 1  N u m b e r  o f  S .  s a l a r  s c a l e  s a m p l e s  p e r  c o h o r t  y e a r ,  l o c u s  S s a  2 0 2  
L o c u s  S s a  1 7 1  
3 5  
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c o h o r t  y e a r  
F i g u r e  4 . 1 3 . 2  N u m b e r  o f  S .  s a l a r  s c a l e  s a m p l e s  p e r  c o h o r t  y e a r ,  l o c u s  S s a  1 7 1  
1 0 1  
L o c u s  S s o s l  8 5  
6 0  
V I  
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C o h o r t  y e a r  
F i g u r e  4 . 1 3 . 3  N u m b e r  o f  S .  s a f a r  s c a l e  s a m p l e s  p e r  c o h o r t  y e a r ,  l o c u s  S s o s l  8 5  
4 . 1 3 . 2  A l l e l e  f r e q u e n c y  
A l l e l e  f r e q u e n c i e s  p e r  l o c u s  p e r  y e a r  w e r e  c a l c u l a t e d .  A t  l o c u s  S s a  2 0 2 ;  a l l e l e  n u m b e r  1  w a s  
d e t e c t e d  i n  e a c h  y e a r  e x c e p t  1 9 9 3 .  A l l e l e  n u m b e r  2  w a s  d e t e c t e d  i n  1 9 7 0 ,  1 9 7 1 ,  1 9 8 4 - 1 9 8 8  
a n d  1 9 9 1  o n l y ,  a n d  h a s  t h e  l o w e s t  f r e q u e n c y .  A l l e l e  n u m b e r  3  w a s  d e t e c t e d  i n  e a c h  c o h o r t  
y e a r  a n d  w a s  t h e  m o s t  f r e q u e n t  i n  1 1 / 1 6  y e a r s  s a m p l e d .  A l l e l e  n u m b e r  4  w a s  d e t e c t e d  i n  e a c h  
y e a r  e x c e p t  1 9 8 2 , 1 9 8 3 , 1 9 8 5 , 1 9 8 8 , 1 9 9 2  a n d  1 9 9 3 .  A l l e l e s  6  a n d  7  w e r e  n o t  d e t e c t e d  i n  a n y  
y e a r  o f  t h e  s c a l e  s a m p l e s  a n a l y s e d ,  a l t h o u g h  a l l e l e s  o f  t h i s  s i z e  w e r e  d e t e c t e d  i n  t h e  j u v e n i l e  
s a m p l e s .  A l l e l e  n u m b e r  8  w a s  d e t e c t e d  i n  1 9 8 2  o n l y  ( A p p e n d i x  S e c t i o n  7 . 4 . 1 3 ,  F i g u r e  
7 . 4 . 1 3 . 1 ) .  
A t  l o c u s  S s a  1 7 1 ,  a l l e l e  n u m b e r  1  w a s  d e t e c t e d  i n  e a c h  y e a r  a n a l y s e d  e x c e p t  1 9 8 4 ,  1 9 8 8 ,  
1 9 8 9  1 9 9 3  a n d  1 9 9 5 .  A l l e l e  n u m b e r  2  w a s  d e t e c t e d  i n  e a c h  y e a r  e x c e p t  1 9 8 8  a n d  1 9 9 3 .  
A l l e l e  n u m b e r  3  w a s  d e t e c t e d  i n  e a c h  y e a r  e x c e p t  1 9 8 4 .  A l l e l e  n u m b e r  4  w a s  d e t e c t e d  i n  e a c h  
y e a r  e x c e p t  1 9 8 7  a n d  1 9 9 3 .  A l l e l e  n u m b e r  5  w a s  d e t e c t e d  i n  1 9 8 9  a n d  1 9 9 1  o n l y .  A l l e l e  
n u m b e r  6  w a s  d e t e c t e d  i n  1 9 8 5 ,  1 9 8 6 ,  1 9 8 9 ,  1 9 9 1 ,  1 9 9 3 ,  1 9 9 4  a n d  1 9 9 5 .  A l l e l e  n u m b e r  7  
w a s  d e t e c t e d  i n  f o u r  y e a r s  o n l y ;  1 9 8 5 ,  1 9 8 6 ,  1 9 8 9  a n d  1 9 9 0 .  A l l e l e  n u m b e r  8  w a s  d e t e c t e d  i n  
1 9 8 4 , 1 9 9 0  a n d  1 9 9 1  o n l y  ( A p p e n d i x  S e c t i o n  7 . 4 . 1 3 ,  F i g u r e  7 . 4 . 1 3 . 2 ) .  
A t  l o c u s  S s o s l  8 5 ,  a l l e l e  n u m b e r  1  w a s  d e t e c t e d  i n  1 9 8 6  o n l y .  A l l e l e  n u m b e r  2  w a s  d e t e c t e d  
i n  1 9 8 8  o n l y .  A l l e l e  n u m b e r  t h r e e  w a s  d e t e c t e d  i n  e a c h  y e a r  a n a l y s e d  e x c e p t  1 9 6 5 ,  1 9 8 3  a n d  
1 9 9 3 .  A l l e l e  n u m b e r  4  w a s  d e t e c t e d  i n  1 9 9 0  o n l y .  A l l e l e  n u m b e r  5  w a s  d e t e c t e d  i n  e a c h  y e a r  
e x c e p t  1 9 8 2 ,  1 9 9 3  a n d  1 9 9 5 .  A l l e l e  n u m b e r  6  w a s  d e t e c t e d  i n  y e a r s  1 9 6 9 ,  1 9 7 1  a n d  1 9 7 4  
o n l y .  A l l e l e  n u m b e r  7  w a s  d e t e c t e d  i n  e a c h  y e a r  e x c e p t  1 9 6 5 ,  1 9 8 2 - 1 9 8 5  a n d  1 9 9 3 .  A l l e l e  
n u m b e r  8  w a s  d e t e c t e d  i n  e a c h  y e a r  a n d  o c c u r r e d  a t  t h e  h i g h e s t  f r e q u e n c y  i n  1 8  o u t  o f  t h e  2 4  
c o h o r t  y e a r s  a n a l y s e d .  A l l e l e  9  w a s  d e t e c t e d  i n  1 9 6 9  - 1 9 7 1 ,  1 9 7 4  a n d  1 9 8 5 ,  o n l y .  A l l e l e  
n u m b e r  1 0  w a s  d e t e c t e d  i n  1 9 6 1 ,  1 9 6 5  a n d  1 9 7 0  o n l y .  A l l e l e  n u m b e r  1 1  w a s  d e t e c t e d  i n  e a c h  
y e a r  e x c e p t  1 9 6 1 ,  1 9 8 3  a n d  1 9 9 2 - 1 9 9 5  ( A p p e n d i x  S e c t i o n  7 . 4 . 1 3 ,  F i g u r e  7 . 4 . 1 3 . 3 ) .  
1 0 2 
  
4 . 1 3 . 3  C o r r e l a t i o n  o f  a l l e l e s  w i t h i n  c o h o r t  y e a r  
C o r r e l a t i o n  o f  a l l e l e s  w i t h i n  e a c h  c o h o r t  y e a r  w a s  e s t i m a t e d  p e r  l o c u s  a n d  o v e r  a l l .  T o  
e s t i m a t e  t h e  c o r r e l a t i o n ,  e a c h  y e a r  w a s  t r e a t e d  a s  a  s i t e  a n d  F  s t a t i s t i c s  w e r e  c a l c u l a t e d .  T h e  
F
I S  
v a l u e  o u t p u t  i s  t h e r e f o r e  t h e  m e a s u r e  o f  a l l e l e  c o r r e l a t i o n  w i t h i n  a  c o h o r t  y e a r .  O v e r  a l l  
l o c i ,  a l l e l e  c o r r e l a t i o n  v a l u e s  p e r  y e a r  v a r i e d  b e t w e e n  y e a r s  a n d  l a r g e  v a l u e s  w e r e  o b t a i n e d  i n  
1 9 6 1  a n d  1 9 8 2 .  N o n e  o f  t h e  v a l u e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  z e r o  ( T a b l e  4 . 1 3 . 3  a n d  
F i g u r e  4 . 1 3 . 3 )  t h e r e f o r e  n o  s u b s t r u c t u r e  w a s  d e t e c t e d  w i t h i n  a  y e a r  a n d  t h e  s c a l e  s a m p l e s  
t a k e n  f r o m  a d u l t s  c a n  b e  a s s u m e d  t o  b e  a  r a n d o m  s a m p l e  o f  t h e  t o t a l  a d u l t  p o p u l a t i o n .  
T a b l e  4 . 1 3 . 3 	  C o r r e l a t i o n  o f  a l l e l e s  p e r  y e a r  f o r  l o c i  S s a  2 0 2 ,  S s a  1 7 1  a n d  S s o s l  8 5 ,  a n d  o v e r  
a l l  t h r e e  l o c i  
l o c u s  S s a 2 0 2  N  S s a l 7 1  
N  S s o s l 8 5  N  
o v e r a l l  l o c i  
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c o h o r t  y e a r  
F i g u r e  4 . 1 3 . 3 	  C o r r e l a t i o n  o f  a l l e l e s  f o r  a d u l t  S .  s a l a r  p e r  c o h o r t  y e a r  o v e r  3  l o c i  
4 . 1 3 . 4  R e l a t i o n s h i p  b e t w e e n  p o p u l a t i o n  s i z e  a n d  g e n e t i c  v a r i a b i l i t y  
L e v e l s  o f  g e n e t i c  v a r i a b i l i t y  m a y  b e  c o r r e l a t e d  w i t h  p o p u l a t i o n  s i z e .  P o p u l a t i o n  s i z e  w a s  
h i g h e s t  i n  1 9 8 8  a t  4 0 9 3  i n d i v i d u a l s  a n d  w a s  l o w e s t  i n  1 9 9 1  a t  8 0 4  i n d i v i d u a l s  
( F i g u r e  4 . 1 3 . 4 ) .  P o p u l a t i o n  s i z e  d e c l i n e d  d r a s t i c a l l y  b e t w e e n  1 9 9 0  a n d  1 9 9 1 ,  a n d  s i n c e  1 9 9 1  
n u m b e r s  o f  a d u l t s  r e t u r n i n g  t o  s p a w n  h a v e  b e e n  l o w  ( b e t w e e n  8 0 4  a n d  1 3 5 5  i n d i v i d u a l s ) .  
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F i g u r e  4 . 1 3 . 4 	  N u m b e r s  o f  a d u l t  S .  s a l a r  d e t e c t e d  b y  f i s h  c o u n t e r  i n  R i v e r  F r o m e ,  1 9 7 3  t o  
1 9 9 7  
4 . 1 3 . 5  N u m b e r o f a l l e l e s  
A t  l o c u s  S s a  2 0 2  t h e  n u m b e r  o f  a l l e l e s  d e t e c t e d  w a s  l o w e s t  i n  1 9 8 3  a n d  1 9 9 3  
( F i g u r e  4 . 1 3 . 5 . 1 )  ( N . B .  t h e s e  y e a r s  h a d  a  s a m p l e  s i z e  o f  1  i n d i v i d u a l ) .  A  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  a d u l t  p o p u l a t i o n  s i z e  ( n u m b e r s  o f  S .  s a l a r  d e t e c t e d  b y  f i s h  c o u n t e r )  i n  y e a r  a  a n d  
n u m b e r s  o f  a l l e l e s  a t  l o c u s  S s a  2 0 2 ,  d e t e c t e d  i n  t h e  p r o g e n y  o f  t h o s e  a d u l t s  ( c o h o r t  y e a r  a  
+ 1 )  h o w e v e r  t h i s  w a s  n o t  s i g n i f i c a n t  ( F i g u r e  4 . 1 3 . 5 . 4 ) .  
1 0 4  
A t  l o c u s  S s a  1 7 1  t h e  n u m b e r  o f  a l l e l e s  d e t e c t e d  w a s  l o w e s t  i n  1 9 8 3  a n d  1 9 9 3  
( F i g u r e  4 . 1 3 . 5 . 2 )  ( N . B .  t h e s e  y e a r s  h a d  a  s a m p l e  s i z e  o f  1  i n d i v i d u a l ) .  A  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  a d u l t  p o p u l a t i o n  s i z e  ( n u m b e r s  o f  S .  s a l a r  d e t e c t e d  b y  f i s h  c o u n t e r )  i n  y e a r  a  a n d  
n u m b e r s  o f  a l l e l e s  a t  l o c u s  S s a  1 7 1 ,  d e t e c t e d  i n  t h e  p r o g e n y  o f  t h o s e  a d u l t s  ( c o h o r t  y e a r  a  
+ 1 )  ( F i g u r e  4 . 1 3 . 5 . 5 )  w a s  o b s e r v e d ,  h o w e v e r  t h i s  w a s  n o t  s i g n i f i c a n t .  
A t  l o c u s  S s o s l  8 5 ,  n u m b e r  o f  a l l e l e s  w a s  l o w e s t  i n  1 9 9 3  ( F i g u r e  4 . 1 3 . 5 . 3 )  ( N . B .  t h i s  y e a r  h a d  
a  s a m p l e  s i z e  o f  1  i n d i v i d u a l ) .  A  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  ( R p  0 . 6 9 9 ,  P  0 . 0 0 3 )  b e t w e e n  
a d u l t  p o p u l a t i o n  s i z e  ( n u m b e r s  o f  S .  s a l a r  d e t e c t e d  b y  f i s h  c o u n t e r )  i n  y e a r  a  a n d  n u m b e r s  o f  
a l l e l e s  d e t e c t e d  i n  t h e  p r o g e n y  o f  t h o s e  a d u l t s  ( c o h o r t  y e a r  a  + 1 )  w a s  o b s e r v e d  ( F i g u r e  
4 . 1 3 . 5 . 6 ) .  
T h e  n u m b e r  o f  a l l e l e s  d e t e c t e d  i n  a  p o p u l a t i o n  i s  h i g h l y  d e p e n d e n t  o n  s a m p l e  s i z e .  I n  t h i s  
s t u d y ,  s a m p l e  s i z e  p e r  c o h o r t  v a r i e d  b e t w e e n  o n e  a n d  5 5  t h e r e f o r e  m e a s u r e s  o f  g e n e t i c  
v a r i a t i o n ,  w h i c h  a r e  c o r r e c t e d  f o r  s a m p l e  s i z e ,  s h o u l d  b e  u s e d  t o  e s t i m a t e  d i f f e r e n c e s  b e t w e e n  
y e a r s .  
N u m b e r  o f  a l l e l e s  S s a  2 0 2  
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C o h o r t  y e a r  
F i g u r e  4 . 1 3 . 5 . 1  
N u m b e r s  o f  a l l e l e s  d e t e c t e d  p e r  c o h o r t  y e a r  a t  l o c u s  S s a 2 0 2 ,  S .  s a l a r  
s c a l e  s a m p l e s  
N u m b e r  o f  a l l e l e s  S s a  1 7 1  
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C o h o r t  y e a r  
F i g u r e  4 . 1 3 . 5 . 2  N u m b e r s  o f  a l l e l e s  d e t e c t e d  p e r  c o h o r t  y e a r  a t  l o c u s  S s a  1 7 1 ,  S .  s a l a r  
s c a l e  s a m p l e s  
1 0 5 
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N u m b e r s  o f  a l l e l e s  d e t e c t e d  p e r  c o h o r t  y e a r  a t  l o c u s  S s o s l  8 5 ,  S .  s a l a r  
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S s a  2 0 2  
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F i g u r e  4 . 1 3 . 5 . 5 	  
A d u l t  p o p u l a t i o n  s i z e  i n  y e a r  a  r e l a t e d  t o  n u m b e r  o f  a l l e l e s  d e t e c t e d  i n  
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N u m b e r  o f  a d u l t s  
R p  0 . 6 9 9 ,  P  0 . 0 0 3  
F i g u r e  4 . 1 3 . 5 . 6 	  
A d u l t  p o p u l a t i o n  s i z e  i n  y e a r  a  r e l a t e d  t o  n u m b e r  o f  a l l e l e s  d e t e c t e d  i n  
p r o g e n y  ( y e a r  a +  1 ) ,  l o c u s  S s o s l  8 5  
4 . 1 3 . 6  A l l e l i c  r i c h n e s s  ( A R i )  
A R i  c a n  b e  u s e d  t o  m e a s u r e  c h a n g e  i n  d i v e r s i t y  o v e r  t i m e  a n d  i s  u s e f u l  w h e n  a r c h i v e  a n d  
c u r r e n t  s a m p l e  s i z e s  a r e  d i f f e r e n t .  A l l e l i c  r i c h n e s s  o v e r  a l l  l o c i ,  s t a n d a r d i s e d  p e r  i n d i v i d u a l  
w a s  l o w e s t  i n  y e a r  1 9 6 5 ,  a n d  w a s  h i g h e s t  i n  y e a r  1 9 8 3  ( F i g u r e  4 . 1 3 . 6 . 1 )  h o w e v e r  c o r r e l a t i o n  
o f  r e d u c e d  a l l e l i c  r i c h n e s s  w i t h  l o w  p o p u l a t i o n  s i z e  w a s  n o t  d e t e c t e d  ( F i g u r e  4 . 1 3 . 6 . 2 ) .  
A l l e l e  f r e q u e n c y  d a t a  f r o m  c u r r e n t  ( 1 9 8 9 )  S .  s a l a r  s a m p l e s  a n d  S .  s a l a r  s c a l e  s a m p l e s  
( c o l l e c t e d  1 9 3 1 - 1 9 3 9 )  i n  t h e  S k j e r n  R i v e r  ( D e n m a r k )  ( N i e l s e n  e t  a l .  1 9 9 9 )  w e r e  u s e d  t o  
c a l c u l a t e  a l l e l i c  r i c h n e s s  c h a n g e  o v e r  t i m e .  T h e  S .  s a l a r  p o p u l a t i o n  h a d  d e c l i n e d  i n  t h i s  r i v e r  
d u r i n g  t h e  l a s t  5 0  y e a r s .  A t  l o c u s  S s o s l  4 1 7 ,  A R i  w a s  1 . 6 4  f o r  t h e  1 9 3 0 s  s c a l e  s a m p l e  a n d  
A R i  w a s  1 . 5 5  i n  1 9 8 9 .  
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F i g u r e  4 . 1 3 . 6 . 1 	  A l l e l i c  r i c h n e s s  ( A R i )  o v e r  a l l  l o c i  p e r  c o h o r t  y e a r  o f  S .  s a f a r  i n  t h e  
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N u m b e r  o f  a d u l t s  
R p  - 0 . 3 8 ,  P  0 . 1 4 7  
F i g u r e  4 . 1 3 . 6 . 2 	  
A d u l t  p o p u l a t i o n  s i z e  i n  y e a r  a  r e l a t e d  t o  A l l e l i c  r i c h n e s s  c a l c u l a t e d  f o r  
p r o g e n y  ( y e a r  a + l ) ,  o v e r  t h r e e  l o c i  
4 . 1 3 . 7  E x p e c t e d  h e t e r o z y g o t e  f r e q u e n c y  
E x p e c t e d  h e t e r o z y g o t e  f r e q u e n c y  w a s  l o w e s t  i n  1 9 6 5 ,  H t  0 . 5 0 9  a n d  w a s  h i g h e s t  i n  1 9 8 2 ,  H t  
0 . 8 7 5  ( F i g u r e  4 . 1 3 . 7 . 1 ) .  A  c o r r e l a t i o n  o f  l o w  H t  w i t h  l o w  a d u l t  p o p u l a t i o n  s i z e  w a s  n o t  
d e t e c t e d  ( F i g u r e  4 . 1 3 . 7 . 2 ) .  
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5 .  D I S C U S S I O N  
5 . 1  S a m p l i n g  
I n  t h i s  s t u d y  s i t e s  w e r e  s a m p l e d  o n  a  m u c h  s m a l l e r  s c a l e  t h a n  p r e v i o u s  s t u d i e s  o f  w i t h i n - r i v e r  
g e n e t i c  d i f f e r e n t i a t i o n ,  t h i s  w a s  d u e  t o  t h e  v e r y  s m a l l  s i z e  o f  t h e  c a t c h m e n t .  S i t e s  w e r e  
s a m p l e d  o v e r  t h r e e  c o n s e c u t i v e  y e a r s  w h i c h  a l l o w e d  s t a b i l i t y  o f  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  
a n d  g e n e t i c  v a r i a b i l i t y  a t  s i t e s  t o  b e  a n a l y s e d  o v e r  t i m e .  
S a m p l e  s i t e s  w e r e  c h o s e n  t o  r e p r e s e n t  a l l  p a r t s  o f  t h e  c a t c h m e n t .  A s  f a r  a s  p o s s i b l e ,  s i t e s  
w h e r e  a  l a r g e  n u m b e r  o f  p a r r  c o u l d  b e  c o l l e c t e d  r e l a t i v e l y  q u i c k l y  f o r  g e n e t i c  a n a l y s i s  w e r e  
s e l e c t e d ,  a l t h o u g h  s o m e  s i t e s  w e r e  c h o s e n  i n  p a r t s  o f  t h e  c a t c h m e n t  f o r  w h i c h  n o  p r e v i o u s  
i n f o r m a t i o n  w a s  a v a i l a b l e ,  w h i c h  o f t e n  r e s u l t e d  i n  v e r y  s m a l l  n u m b e r s  o f  j u v e n i l e s  b e i n g  
s a m p l e d .  
T h e  p r i m a r y  a i m  o f  t h e  p r o j e c t  w a s  t o  c o l l e c t  l a r g e  n u m b e r s  o f  p a r r  a n d  t h i s  r e q u i r e d  a  
s a m p l i n g  s t r a t e g y  t h a t  w a s  n o t  c o n s i s t e n t  w i t h  t h a t  w h i c h  w o u l d  h a v e  b e e n  e m p l o y e d  s o l e l y  
f o r  a n  e c o l o g i c a l  s t u d y .  T h e  p r o b l e m s  i n v o l v e d  w i t h  s a m p l i n g  s m a l l  n u m b e r s  o f  f a m i l i e s  p e r  
s i t e  a n d  o f  b e i n g  c e r t a i n  t h a t  j u v e n i l e s  w e r e  t h e  s p a w n e d  i n  t h e  r e a c h  i n  w h i c h  t h e y  w e r e  
c a u g h t ,  c o u l d  h a v e  b e e n  o v e r c o m e  b y  s a m p l i n g  d i r e c t l y  f r o m  e g g s  o r  f r o m  f i s h  o n  t h e  
s p a w n i n g  g r o u n d s .  T h e s e  w e r e  o u r  p r e f e r r e d  o p t i o n s  b u t  t h e  E n v i r o n m e n t  A g e n c y  r e f u s e d  
p e r m i s s i o n  t o  s a m p l e  e g g s  o r  b r e e d i n g  a d u l t s .  T h i s  l e f t  p a r r  s a m p l i n g  a s  t h e  o n l y  o p t i o n .  
D u r i n g  t h e  c o u r s e  o f  t h e  s t u d y ,  c o m m e r c i a l  n e t s  w e r e  n o t  i n  o p e r a t i o n  o n  t h e  F r o m e .  
H o w e v e r ,  w h e n  c o m m e r c i a l  n e t t i n g  i s  i n  o p e r a t i o n  s a l m o n  c o u l d  b e  p u r c h a s e d  f r o m  t h e  
o p e r a t o r ,  m o v e m e n t s  c o u l d  b e  m o n i t o r e d  b y  r a d i o  t r a c k i n g  a n d  a  D N A  s a m p l e  c o u l d  b e  t a k e n  
t o  r e l a t e  s p a w n i n g  b e h a v i o u r  a n d  g e n e t i c  v a r i a b i l i t y .  D i r e c t  m o n i t o r i n g  w o u l d  e n a b l e  t h e  
n u m b e r  o f  a d u l t s  s p a w n i n g  i n  a  c e r t a i n  a r e a ,  s e x  r a t i o  a n d  t h e  i n p u t  f r o m  p r e c o c i o u s  m a l e  
p a r r  t o  b e  d e t e r m i n e d .  
I t  i s  i m p o r t a n t  t o  h a v e  t e m p o r a l  r e p l i c a t e s ;  i f  w e  h a d  o n l y  s a m p l e d  i n  o n e  y e a r  w e  c o u l d  h a v e  
m a d e  c o n c l u s i o n s  r e g a r d i n g  s p a t i a l  s t r u c t u r e  w h i c h  m a y  n o t  h a v e  a p p l i e d  i n  a l l  y e a r s .  
J u v e n i l e s  o f  d i f f e r e n t  a g e  c l a s s e s  s h o u l d  n o t  b e  u s e d  a s  t e m p o r a l  r e p l i c a t e s  f o r  s p a t i a l  
a n a l y s e s ;  i t  i s  p o s s i b l e  t o  t e s t  a l l e l e  f r e q u e n c y  s t a b i l i t y  o v e r  t i m e ,  h o w e v e r  i t  i s  d i f f i c u l t  t o  b e  
c e r t a i n  o f  t h e  s i t e  o f  o r i g i n  o f  p a r r  o l d e r  t h a n  0 + .  
5 . 2  S i t e  c h a r a c t e r i s t i c s  
A t  s a m p l e  s i t e s ,  p o t e n t i a l l y  s u i t a b l e  h a b i t a t  w a s  c h o s e n .  S i t e s  v a r i e d  f r o m  s h a l l o w  g r a v e l  
r e a c h e s  w i t h  n o  p l a n t s  t o  d e e p e r  r e a c h e s  w i t h  a b u n d a n t  p l a n t s  a n d  s a n d / s i l t  s u b s t r a t u m  
c o m m o n .  N o  h a b i t a t  v a r i a b l e  w a s  c o r r e l a t e d  w i t h  d e n s i t y  o f  s a l m o n  p a r r .  T h e  m a c r o p h y t e  
R a n l l n c l I / l I s  s p p .  i s  c h a r a c t e r i s t i c  o f  c h a l k  s t r e a m s  a n d  w a s  e x p e c t e d  t o  h a v e  a n  i n t 1 u e n c e  o n  
t h e  d i s t r i b u t i o n  a n d  d e n s i t y  o f  s a l m o n  p a r r .  P a r r  a r e  k n o w n  t o  f a v o u r  a  g r a v e l  s u b s t r a t u m ,  a n d  
g o o d  n o w  f o r  i n t e r c e p t i o n  o f  d r i f t i n g  i n v e r t e b r a t e s .  T h e  p r e s e n c e  o f  R a n u n c u l u s  c a u s e s  
c h a n g e s  i n  b o t h  s u b s t r a t e  c o m p o s i t i o n  a n d  n o w  a n d  c a n  c a u s e  l a r g e  a r e a s  t o  b e  s u b - o p t i m a l  
f o r  s a l m o n  p a r r .  H o w e v e r ,  a  c o m p a r i s o n  o f  t w o  a d j a c e n t  s i t e s  o n  t h e  m a i n  r i v e r ,  o n e  w i t h  
< 5 9 c  m a c r o p h y t e  c o v e r  ( M o r t o n  F o r d )  a n d  o n e  w i t h  5 0 - 9 5 %  c o v e r  ( E a s t  B u r t o n )  o v e r  t h e  
t h r e e  y e a r s  s h o w e d  t h a t  b o t h  s i t e s  h a d  s i m i l a r  h i g h  d e n s i t i e s  o f  s a l m o n  p a r r  i n  J u l y  i n  a l l  t h r e e  
2
y e a r s  ( m a x i m u m  0 . 1 2 5  i n d i v i d u a l  m - a t  E a s t  B u r t o n  a n d  0 . 1 4 2  i n d i v i d u a l  m -
2  
a t  M o r t o n  
F o r d ) .  
1 1  I  
T e m p e r a t u r e  w a s  m e a s u r e d  a n d  c o n v e r t e d  t o  o p t i m a l  d e g r e e  d a y s  ( O D D ) .  O D D  w e r e  7 3  %  t o  
8 4  %  o f  t h e  m a x i m u m  p o s s i b l e .  M a y  t o  J u l y  O D D  v a l u e s  w e r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  
d i s t a n c e  f r o m  s o u r c e .  N o  r e l a t i o n s h i p  b e t w e e n  f l o w  c a t e g o r y  a n d  o p t i m a l  d e g r e e  d a y s  w a s  
d e t e c t e d .  N o  r e l a t i o n s h i p  b e t w e e n  o p t i m a l  d e g r e e  d a y s  a n d  m e a n  p a r r  l e n g t h  o r  g r o w t h  r a t e  
w a s  d e t e c t e d .  T h e s e  r e s u l t s  i m p l y  t h a t  t h e  l i m i t  f o r  o p t i m a l  g r o w t h  i n  t h e  r i v e r  F r o m e  m a y  b e  
b e l o w  t h o s e  p u b l i s h e d  b y  E l l i o t t  &  H u r l e y  ( 1 9 9 7 )  f o r  t h e  r i v e r  L u n e .  
P a r r  d e n s i t y  v a r i e d  b e t w e e n  s i t e s  a n d  b e t w e e n  y e a r s  a l t h o u g h  t h e r e  w a s  n o  c o n s i s t e n t  p a t t e r n .  
P a r r  d e n s i t y  w a s  n o t  c o r r e l a t e d  w i t h  d i s t a n c e  f r o m  s o u r c e  o r  f l o w  r a t e  c a t e g o r y .  O v e r a l l  t h e  
r i v e r  i s  w e l l  b e l o w  i t s  m a x i m u m  c a r r y i n g  c a p a c i t y  a s  s h o w n  b y  H a b i t a t  Q u a l i t y  S c o r e  v a l u e s .  
P a r r  d e n s i t y  w a s  h i g h e r  a t  s i t e s  w h e r e  g r a v e l  h a d  b e e n  c l e a n e d  a n d  a t  t h e s e  s i t e s  t h e  
t h e o r e t i c a l  m a x i m u m  c a r r y i n g  c a p a c i t y  w a s  o f t e n  e x c e e d e d .  T h e  d e n s i t y  o f  S .  s a l a r  p a r r  w a s  
i n v e r s e l y  c o r r e l a t e d  w i t h  n u m b e r s  o f  p i s c i v o r o u s  b r o w n  t r o u t  ( S .  t r u t t a ) .  T h i s  c o n f i r m s  t h e  
p r e d i c t i o n s  g i v e n  i n  t h e  A t l a n t i c  s a l m o n  p o p u l a t i o n  m o d e l  p r o d u c e d  f o r  t h e  F r o m e  w h i c h  
s u g g e s t e d  t h a t  p r e d a t i o n  b y  t r o u t  c o u l d  c a u s e  d e l e t e r i o u s  e f f e c t s  o n  t h e  s a l m o n  p o p u l a t i o n  
a n d  i n  a n  e x t r e m e  s c e n a r i o  c o u l d  c a u s e  t h e  d e m i s e  o f  t h e  s p e c i e s  ( H i l t o n  e t  a l .  2 0 0 1 ) .  T h i s  
s u g g e s t s  t h a t  a  m a n a g e m e n t  d e c i s i o n  s h o u l d  b e  t a k e n  o n  w h e t h e r  a  p a r t i c u l a r  r e a c h  o r  a r e a  o f  
r i v e r  s h o u l d  b e  o p e r a t e d  a s  a  s a l m o n  o r  t r o u t  f i s h e r y  a s  t h e  c o n s e r v a t i o n  o f  t h e  s a l m o n  s p e c i e s  
c o u l d  b e  s e v e r e l y  c o m p r o m i s e d  b y  t h e  a d d i t i o n  o f  l a r g e  n u m b e r s  o f  p r e d a t o r y  t r o u t .  
5 . 3  L i f e  h i s t o r y  t y p e s  
F e w  1 +  p a r r  w e r e  d e t e c t e d  a n d  n o  p a r r  o l d e r  t h a n  1 +  w e r e  s a m p l e d .  L i t t l e  e v i d e n c e  e x i s t s  t o  
s h o w  t h a t  s i t e  d i f f e r e n c e s  a r e  r e l a t e d  t o  u s e  b y  d i f f e r e n t  a g e  c o h o r t s  o f  s a l m o n .  T h i s  i s  
c o n t r a r y  t o  s t u d i e s  i n  S c o t l a n d  ( R i v e r  D e e ,  A b e r d e e n s h i r e )  w h i c h  s h o w e d  t h a t  d i f f e r e n t  a g e  
c o h o r t s  u s e d  d i f f e r e n t  p a r t s  o f  t h e  c a t c h m e n t  a n d  t h a t  t h e r e  w e r e  d i s c r e t e  g e n e t i c  s u b ­
p o p u l a t i o n s  ( Y o u n g s o n  e t  a l .  1 9 8 3 ) .  H o w e v e r ,  t h e  R i v e r  D e e  i s  v e r y  l o n g  i n  c o m p a r i s o n  w i t h  
t h e  F r o m e  a n d  h a s  s e v e r a l  d i s t i n c t  t r i b u t a r i e s .  T h e  F r o m e  i s  o n l y  5 0  k m  l o n g  a n d  s p a w n i n g  i s  
l i m i t e d  t o  t h e  l o w e r  3 0  k m .  I t  h a s  f e w  t r i b u t a r i e s  a n d  t h e y  a r e  s m a l l  i n  c o m p a r i s o n  t o  t h e  
S c o t t i s h  r i v e r s .  S a l m o n  w h i c h  d o  s p a w n  i n  t h e  t r i b u t a r i e s  o n  t h e  F r o m e  g e n e r a l l y  r u n  u p  j u s t  
p r i o r  t o  s p a w n i n g ,  h o w e v e r  t h e  m a i n  s p a w n i n g  g r o u n d s  a r e  w i t h i n  t h e  m a i n  r i v e r .  F u r t h e r  
c o m p l i c a t i o n s  a r i s e  d u e  t o  t h e  b r a i d e d  n a t u r e  o f  t h e  r i v e r  i n  t h e  m i d d l e  p a r t  o f  t h e  c a t c h m e n t .  
T h i s  l a c k  o f  s p e c i f i c  s p a w n i n g  s i t e s  f o r  d i f f e r e n t  a g e  c o h o r t s  w a s  n o t  u n e x p e c t e d  g i v e n  t h e  
d i f f e r e n c e s  i n  p h y s i c a l  c h a r a c t e r i s t i c s  c o m p a r e d  w i t h  s t u d i e s  w h e r e  s u b - p o p u l a t i o n s  e x i s t .  
A l t h o u g h  t h i s  i s  a  n e g a t i v e  r e s u l t ,  i t  s t i l l  h a s  m a n a g e m e n t  i m p l i c a t i o n s  f o r  t h e  r i v e r .  I t  
s u g g e s t s  t h a t  g r a v e l  c l e a n i n g  w h i c h  i s  u s e d  t o  i n c r e a s e  t h e  s u r v i v a l  o f  e g g s  ( t h e  m o s t  s e r i o u s  
m o r t a l i t y  b o t t l e n e c k  t o  t h e  p o p u l a t i o n )  c a n n o t  b e  c o n c e n t r a t e d  i n  a n y o n e  a r e a  t o  i m p r o v e  t h e  
s u r v i v a l  o f  a  p a r t i c u l a r  a g e  c o h o r t ,  i n  t h i s  c a s e  m u l t i - s e a - w i n t e r  f i s h  w h i c h  h a v e  s h o w n  t h e  
l a r g e s t  d e c r e a s e  i n  n u m b e r s .  
D i f f e r e n c e s  i n  p a r r  l e n g t h  b e t w e e n  s i t e s  w a s  d e t e c t e d .  S i n c e  a  l a r g e  p a r r  i s  m o s t  l i k e l y  t o  g i v e  
r i s e  t o  a  1 +  s m o l t  a n d  a  g r e a t e r  p r o p o r t i o n  o f  M S W  s a l m o n  a r e  d e r i v e d  f r o m  1 +  s m o l t s ,  i t  
f o l l o w s  t h a t  p a r r  f r o m  d i f f e r e n t  p a r t s  o f  t h e  c a t c h m e n t  m a y  h a v e  d i f f e r e n t  p o t e n t i a l s  f o r  
p r o d u c t i o n  o f  M S W  f i s h .  I t  i s  a l s o  k n o w n  t h a t  l a r g e  s m o l t s  h a v e  a  b e t t e r  s u r v i v a l  r a t e ,  h e n c e  
a r e  m o r e  l i k e l y  t o  r e t u r n  a s  a d u l t s  t o  b r e e d .  T h u s  p a r r  i n h a b i t i n g  t h e  l o w e r  r e a c h e s  m a y  b e  
p r o d u c i n g  a  h i g h e r  r e t u r n  r a t e  t h a n  t h o s e  f r o m  f u r t h e r  u p s t r e a m .  I t  i s  p o s s i b l e  t h a t  d i f f e r e n t  
l i f e  h i s t o r y  s t r a t e g i e s  f o r m  g e n e t i c a l l y  d i s t i n c t  c o m p o n e n t s  o f  t h e  p o p u l a t i o n .  N o  
d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  0 +  a n d  1 +  p a r r  o f  t h e  s a m e  c o h o r t  y e a r  h o w e v e r  i t  w a s  
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n o t  p o s s i b l e  t o  d e t e r m i n e  w h e r e  t h e  1 +  p a r r  w e r e  l i k e l y  t o  h a v e  h a t c h e d ,  t h e r e f o r e  1 +  p a r r  
w e r e  e x c l u d e d  f r o m  a n a l y s e s  o f  s p a t i a l  g e n e t i c  d i f f e r e n t i a t i o n .  
V a r i a t i o n  i n  s m o l t  s i z e  ( a n d  p r e v i o u s l y  p a r r  l e n g t h )  w a s  g r e a t e r  f o r  g r i l s e  x  M S W  p r o g e n y  t h a n  
f o r  e i t h e r  g r i l s e  x  g r i l s e  o r  M S W  x  M S W  R i t t e r  e t  a t .  ( 1 9 8 6 ) .  T h u s  t h e  d i f f e r e n c e s  d e t e c t e d  i n  
p a r r  l e n g t h  b e t w e e n  s i t e s  m a y  b e  a  c o n s e q u e n c e  o f  t h e  s e a  a g e  o f  t h e  b r e e d i n g  a d u l t s  a t  e a c h  s i t e .  
H o w e v e r ,  B i e l a k  a n d  P o w e r  ( 1 9 8 6 )  s t a t e  t h a t  d a t a  f r o m  2 0  r i v e r s  s h o w e d  t h a t  t h e r e  w a s  n o  
r e l a t i o n s h i p  b e t w e e n  r i v e r  a g e  a n d  s e x  o r  r i v e r  a g e  a n d  s e a  a g e .  T h i s  s t u d y  h a s  s h o w n  t h a t  
g r o w t h  o f  p a r r  i n  c h a l k  s t r e a m s  i s  g e n e r a l l y  f a s t  a n d  a  h i g h  p r o p o r t i o n  s m o l t  a t  1 +  a n d  a r e  
c o n s e q u e n t l y  l a r g e  f o r  t h e i r  a g e .  T h e  f a c t  t h a t  m e a n  p a r r  l e n g t h  w a s  c o r r e l a t e d  w i t h  f l o w  
c a t e g o r y  s h o w s  t h a t  p a r r  g r o w  f a s t e r  i n  m a i n  r i v e r  h a b i t a t s  l o w  d o w n  t h e  c a t c h m e n t .  R i t t e r  
e t  a t .  ( 1 9 8 6 )  a l s o  s h o w e d  t h a t  l a r g e r  h a t c h e r y  s m o l t s  p r o d u c e d  m o r e  g r i l s e  t h a n  s m a l l e r  
s m o l t s  a g a i n  f a v o u r i n g  g r i l s e  p r o d u c t i o n  i n  t h e  F r o m e .  
A l t h o u g h ,  i n  t h i s  s y s t e m ,  n o  s u r v e y s  h a v e  s h o w n  t h a t  M S W  s a l m o n  f a v o u r  p a r t i c u l a r  a r e a s  t o  
s p a w n ,  t h e  l a c k  o f  r e p o r t e d  l a r g e  s a l m o n  i n  t r i b u t a r i e s  a n d  i n  t h e  s h a l l o w  u p p e r  c a t c h m e n t  
i n d i c a t e s  t h a t  i t  i s  m o s t  l i k e l y  t o  b e  w i t h i n  t h e  m a i n  r i v e r  a n d  p r o b a b l y  c e n t r e d  o n  t h e  l o w e r /  
m i d d l e  r e a c h e s  a n d  t h e r e f o r e  g r a v e l  c l e a n i n g  i n  t h e s e  a r e a s  p r o v i d e s  t h e  b e s t  m e t h o d  o f  
i m p r o v i n g  a d u l t  r e t u r n s  o f  t h i s  t h r e a t e n e d  a g e  c o h o r t .  
5 . 4  G e n e t i c  a n a l y s i s  
T h e  D N A  e x t r a c t i o n  m e t h o d  u s e d  ( C h e l e x - l O O )  h a s  b e e n  r e p o r t e d  t o  b e  u n s u i t a b l e  f o r  l o n g  
t e r m  s t o r a g e  o f  D N A  ( W a l s h  e t  a l .  1 9 9 1 ) .  T h e  o r i g i n a l  m e t h o d  o f  B e a c h a m  a n d  D e m p s o n  
( 1 9 9 8 )  i n c l u d e d  a n  a u t o c l a v e  s t e p ,  t h i s  m a y  i m p r o v e  q u a n t i t y  o f  D N A  r e c o v e r y  b u t  D N A  i s  
l i k e l y  t o  b e  f r a g m e n t e d .  D N A  w a s  e x t r a c t e d  f r o m  s o m e  s a m p l e s  u s i n g  a n  a u t o c l a v e  s t e p  a n d  
s o m e  p r o b l e m s  w e r e  e n c o u n t e r e d  w h e n  a t t e m p t i n g  t o  a m p l i f y  f r o m  t h i s  D N A  a f t e r  t h r e e  
y e a r s .  
I d e a l l y ,  g e n e t i c  v a r i a t i o n  w o u l d  b e  a n a l y s e d  u s i n g  a  l a r g e  n u m b e r  o f  l o c i  t o  r e d u c e  s t a n d a r d  
e r r o r .  D e s p i t e  t h e  l a r g e  n u m b e r  o f  p u b l i s h e d  S a l m o n i d  p r i m e r s ,  o n l y  t e n  h a v e  b e e n  u s e d  f o r  
s t u d i e s  o f  S .  s a t a r  p o p u l a t i o n  s t r u c t u r e .  I t  i s  p o s s i b l e  t h a t  s o m e  p u b l i s h e d  p r i m e r s  a r e  b a d l y  
d e s i g n e d  o r  t h a t  R i v e r  F r o m e  S .  s a t a r  h a v e  s u f f i c i e n t l y  d i v e r g e d  f r o m  s o u r c e  s a m p l e s  t o  
p r e v e n t  p r i m e r  b i n d i n g .  P u b l i s h e d  s t u d i e s  o f  p o p u l a t i o n  s t r u c t u r e  o f  S .  s a t a r  d o  n o t  t e n d  t o  
g i v e  a n y  i n f o r m a t i o n  r e g a r d i n g  t e s t i n g  a n d  r e j e c t i o n  o f  a d d i t i o n a l  p r i m e r s .  S o m e  r e s e a r c h e r s  
h a v e  t e s t e d  t h e  u t i l i t y  o f  s a l m o n i d  p r i m e r s  f o r  a m p l i f i c a t i o n  o f  m i c r o s a t e l l i t e s  i n  r e l a t e d  
s p e c i e s .  P r i m e r s  f o r  u s e  w i t h  S .  s a l a r  w e r e  t e s t e d  b y  O l s e n  e t  a l .  ( 1 9 9 6 )  i n c l u d i n g  p r i m e r s  
c l o n e d  f r o m  S .  s a t a r .  S o m e  m i c r o s a t e U i t e s  f r o m  o t h e r  s p e c i e s  w e r e  f o u n d  t o  a m p l i f y  p r o d u c t s  
i n  S .  s a t a r ,  h o w e v e r  n o  a m p l i f i c a t i o n  w a s  d e t e c t e d  u s i n g  S .  s a t a r  p r i m e r s  S s a  2 0 2  a n d  S s a  
2 8 9 ;  S s a  1 7 1  w a s  f o u n d  t o  h a v e  m u l t i p l e  b a n d s  a n d  s m e a r i n g .  T h i s  i s  i n  d i r e c t  c o n t r a s t  t o  t h i s  
s t u d y  a n d  t o  o t h e r  p u b l i s h e d  s t u d i e s .  S .  s a t a r  a r e  o f  t e t r a p l o i d  o r i g i n  a n d  d i s o m i c  i n h e r i t a n c e  
m a y  n o t  b e  c o m p l e t e  a t  s o m e  l o c i  ( A l l e n d o r f  a n d  T h o r g a a r d  1 9 8 4 ) .  T e t r a s o m i c  l o c i  a r e  
b u f f e r e d  a g a i n s t  g e n e t i c  d r i f t .  I n c o m p l e t e  d i p l o i d i s a t i o n  m a y  e x p l a i n  t h e  p r e s e n c e  o f  
a d d i t i o n a l  b a n d s ,  f o r  e x a m p l e  a t  l o c u s  S s o s l  4 1 7  a  s m a l l e r  b a n d  w a s  v i s i b l e  i n  s o m e  l a n e s .  
5 . 5  G e n e t i c  v a r i a b i l i t y  
G e n e t i c  v a r i a b i l i t y  d e t e c t e d  i n  c u r r e n t  S .  s a t a r  i n  t h e  c h a l k  r i v e r s  F r o m e  a n d  P i d d l e ,  D o r s e t ,  
U K ,  w a s  l o w e r  t h a n  g e n e t i c  v a r i a b i l i t y  d e t e c t e d  i n  S .  s a t a r  p o p u l a t i o n s  i n  C a n a d i a n  a n d  
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E u r o p e a n  r i v e r s .  T h e  r i v e r s  u s e d  f o r  c o m p a r i s o n  a r e  a l l  m u c h  l a r g e r  t h a n  t h e  r i v e r s  F r o m e  
a n d  P i d d l e  t h e r e f o r e  h i g h e r  g e n e t i c  v a r i a b i l i t y  i n  t h e  l a r g e r  r i v e r s  m a n y  b e  d u e  t o  l a r g e r  a d u l t  
p o p u l a t i o n  s i z e .  H o w e v e r  i t  i s  p o s s i b l e  t h a t  t h e s e  r i v e r s  h a v e  a l s o  u n d e r g o n e  a  r e d u c t i o n  i n  
a d u l t  s i z e .  G e n e t i c  v a r i a b i l i t y  o f  S .  s a f a r  f r o m  c o h o r t  y e a r s  b e t w e e n  1 9 6 1  a n d  1 9 9 5  w a s  
a s s e s s e d  a n d  n o  c o r r e l a t i o n  o f  r e d u c e d  g e n e t i c  v a r i a b i l i t y  a n d  l o w  a d u l t  p o p u l a t i o n  s i z e  w a s  
d e t e c t e d .  T h u s  l o w  g e n e t i c  v a r i a b i l i t y  i s  n o t  r e l a t e d  t o  t h e  r e d u c t i o n  i n  a d u l t  p o p u l a t i o n  s i z e  
i n  t h e  R i v e r  F r o m e  s i n c e  1 9 8 9 ,  b u t  m a y  b e  r e l a t e d  t o  t h e  e x t r e m e  r e d u c t i o n  i n  a d u l t  S .  s a f a r  
i n  t h e  R i v e r  F r o m e  i n  1 8 5 0 .  
N o  l o s s  o f  a l l e l e s  w a s  a s s o c i a t e d  w i t h  t h e  d e c l i n e  o f  M S W  f i s h  s u g g e s t i n g  t h a t  s p a w n i n g  
o c c u r s  b e t w e e n  m i x e d  a g e d  f i s h .  S t u d i e s  h a v e  s h o w n  t h a t  b o t h  i n h e r i t e d  a n d  d e v e l o p m e n t a l  
f a c t o r s  m a y  i n t l u e n c e  s e a  a g e .  P r o g e n y  o f  l S W  ( g r i l s e )  f i s h  p r o d u c e d  p r o p o r t i o n a t e l y  m o r e  
I S W  o f f s p r i n g  t h a n  d i d  2 S W  a n d  o l d e r  f i s h  ( R i t t e r  e t  a l .  1 9 8 6 ) .  T h u s ,  a s  i s  t h e  c a s e  i n  t h e  
F r o m e ,  o n c e  t h e  M S W  c o m p o n e n t  h a s  r e d u c e d  s i g n i f i c a n t l y ,  t h e  c h a n c e s  a r e  g r e a t e r  f o r  a  g r i l s e  
x  g r i l s e  m a t i n g  r e s u l t i n g  i n  a n  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  g r i l s e  s u b s e q u e n t l y  p r o d u c e d  a n d  a  
g r i l s e  d o m i n a t e d  p o p u l a t i o n .  
B e f o r e  f u r t h e r  s t a t i s t i c a l  a n a l y s i s  o f  t h i s  d a t a ,  t h e  s a m p l e s  w i l l  b e  s c r e e n e d  w i t h  5 - 6  
m i c r o s a t e l l i t e  l o c i  a n d  D N A  e x t r a c t e d  f r o  m  m o s t  r e c e n t  a d u l t  s a m p l e s  ( y e a r s  1 9 9 9 ,  2 0 0 0  a n d  
2 0 0 1 ) .  T h i s  w i l l  a l l o w  c o m p a r i s o n  o f  a d u l t  a l l e l e  f r e q u e n c i e s  w i t h  j u v e n i l e  a l l e l e  f r e q u e n c i e s  
i n  t h e  s a m e  y e a r .  
A l t h o u g h  t h e  m e a s u r e d  p o p u l a t i o n  s i z e  h a s  r a r e l y  r e d u c e d  b e l o w  1 0 0 0  a d u l t s ,  i t  i s  p o s s i b l e  
t h a t  t h e  e f f e c t i v e  p o p u l a t i o n  s i z e  h a s  b e e n  l o w e r  i n  s o m e  y e a r s .  T h e  e f f e c t i v e  p o p u l a t i o n  s i z e  
f o r  e a c h  y e a r  c o u l d  b e  c a l c u l a t e d  u s i n g  m o d i f i e d  s p a t i a l  d a t a  m o d e l s .  O t h e r  s t u d i e s  h a v e  
s h o w n  l a r g e  d i s p a r i t y  b e t w e e n  e f f e c t i v e  a n d  c e n s u s  p o p u l a t i o n  s i z e  ( M i l l e r  a n d  K a p u s c i n s k i  
1 9 9 7 ) .  T h e  e x t e n s i v e  d a t a  s e t  f o r  a g e  s t r u c t u r e  w i l l  a l l o w  a r e  m o r e  a c c u r a t e  e s t i m a t i o n  o f  
e f f e c t i v e  p o p u l a t i o n  s i z e  b e c a u s e  k n o w n  a g e - a t - s p a w n i n g  c a n  b e  u s e d .  
G e n e  t l o w  b e t w e e n  c o h o r t s  c a n  b e  m o d e l l e d  ( W a p l e s ) .  T h i s  w i l l  a l l o w  t h e  r e p r o d u c t i v e  
s u c c e s s  o f  d i f f e r e n t  l i f e  h i s t o r y  t y p e s  t o  b e  e s t i m a t e d .  T h e  c h a n g e  i n  a g e  s t r u c t u r e  o v e r  t i m e  
c a n  b e  a n a l y s e d  a n d  t h e  p o s s i b i l i t y  t h a t  M S W  a r e  g e n e t i c a l l y  d i f f e r e n t i a t e d  c a n  b e  t e s t e d .  
5 . 6  P o p u l a t i o n  s t r u c t u r e  
S m a l l  b u t  s i g n i f i c a n t  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  y e a r s  w a s  d e t e c t e d .  D i f f e r e n t i a t i o n  
b e t w e e n  y e a r s  c o u l d  b e  d u e  t o  d i f f e r e n t  s e c t i o n s  o f  t h e  p o p u l a t i o n  r e t u r n i n g  t o  s p a w n  i n  e a c h  
y e a r ,  h o w e v e r  t h e  v e r y  l o w  l e v e l s  o f  d i f f e r e n t i a t i o n  d e t e c t e d  c o u l d  b e  d u e  t o  g e n e t i c  d r i f t .  
L i f e  h i s t o r y  t r a i t s  s u c h  a s  o v e r l a p p i n g  g e n e r a t i o n s  a n d  t h e  p r e s e n c e  o f  p r e c o c i o u s  p a r r  a r e  
l i k e l y  t o  r e d u c e  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  y e a r s ,  b y  i n c r e a s i n g  t h e  e f f e c t i v e  p o p u l a t i o n  
s i z e .  
A  h i g h  l e v e l  o f  s i t e  f i d e l i t y  w a s  d e t e c t e d  b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e s ,  h o w e v e r  
g e n e t i c  d i f f e r e n t i a t i o n  w a s  d e t e c t e d  b e t w e e n  S u m m e r  a n d  A u t u m n  s a m p l e s  i n  t h r e e  
c o n s e c u t i v e  y e a r s .  A u t u m n  s a m p l e s  w e r e  n o t  ' m i s s e d '  i n  t h e  f i r s t  s a m p l e  b u t  h a v e  m i g r a t e d  
i n  f r o m  e l s e w h e r e .  
G e n e t i c  d i f f e r e n t i a t i o n  w a s  d e t e c t e d ,  u s i n g  c u r r e n t  s a m p l e s ,  b e t w e e n  t h e  R i v e r s  F r o m e  a n d  
P i d d l e .  T h u s  d i f f e r e n t i a t i o n  b e t w e e n  t w o  r i v e r s  c a n  o c c u r  e v e n  w h e n  r i v e r  m o u t h s  a r e  l e s s  
t h a n  1 0  k m  a p a r t  a n d  d e s p i t e  t h e  f a c t  t h a t  t h e  R i v e r  F r o m e  w a s  l i k e l y  t o  h a v e  b e e n  
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r e c o l o n i s e d  a f t e r  t h e  p o p u l a t i o n  c r a s h  i n  1 8 5 0 s  f r o m  f i s h  w h i c h  w e r e  s p a w n e d  i n  t h e  r i v e r  
P i d d l e .  
S i g n i f i c a n t  F
S T  
o v e r  a l l  s i t e s  w a s  d e t e c t e d  a t  e a c h  s a m p l e  t i m e .  D e t e c t i o n  o f  s i g n i f i c a n t  F
S T  
c o u l d  b e  d u e  t o  n o n - r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  o r  d u e  t o  s a m p l i n g  a  s m a l l  n u m b e r  o f  
f a m i l i e s  p e r  s i t e .  I t  i s  p o s s i b l e  t o  o b t a i n  s i g n i f i c a n t  d i f f e r e n t i a t i o n  b y  s a m p l i n g  a  l a r g e  n u m b e r  
o f  o f f s p r i n g  f r o m  a  s m a l l  n u m b e r  o f  s p a w n i n g  a d u l t s ,  e v e n  t h o u g h  t h e  a d u l t s  h a v e  n o  
r e p r o d u c t i v e  i s o l a t i o n  
N o n - r a n d o m  r e t u r n  o f  a d u l t s  t o  s p a w n  m a y  b e  d u e  t o  m i g r a t i o n  o f  a d u l t s  t o  t h e  n a t a l  
s p a w n i n g  s i t e s  o r  s p a w n i n g  a t  s i t e s  w i t h  s p e c i f i c  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s .  T h e  
p o s s i b i l i t y  o f  s a m p l i n g  a  s m a l l  n u m b e r  o f  f a m i l i e s  p e r  s i t e  c o u l d  b e  r u l e d  o u t  i f  p a i r w i s e  
g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  w a s  c o r r e l a t e d  w i t h  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s ;  
i f  s i t e  a l l e l e  f r e q u e n c i e s  w e r e  t e m p o r a l l y  s t a b l e  o r  i f  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  w a s  
c o r r e l a t e d  w i t h  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  s i t e s .  
A  l o w  n u m b e r  o f  a d u l t s  s p a w n i n g  a t  a  s i t e  c a n  b e  i n d i c a t e d  b y  a  h i g h  F r s  v a l u e  w i t h  l o w  
n u m b e r  o f  a l l e l e s .  R e d d s  w e r e  c o u n t e d  a t  t e n  s i t e s  i n  J a n u a r y  2 0 0 0 ,  t h i s  g i v e s  a n  i n d i c a t i o n  o f  
t h e  n u m b e r  o f  a d u l t s  s p a w n i n g  a t  t h a t  s i t e .  S i t e s  w i t h  h i g h  F r s  h a d  l o w  r e d d  c o u n t s  a n d  a  l o w  
n o n  s i g n i f i c a n t  F r s  w a s  e s t i m a t e d  f o r  a  s i t e  w i t h  a  l a r g e  n u m b e r  o f  r e d d s .  
A  c o r r e l a t i o n  b e t w e e n  g e n e t i c  d i f f e r e n t i a t i o n  b e t w e e n  s i t e s  a n d  g e o g r a p h i c  d i s t a n c e  b e t w e e n  
s i t e s  w a s  d e t e c t e d  i n  J u l y  2 0 0 0  o n l y .  I s o l a t i o n  b y  d i s t a n c e  c a n  o c c u r  i n  s t a t i c  p o p u l a t i o n s  d u e  
t o  r e d u c e d  g e n e  f l o w  b e t w e e n  d i s t a n t  p o p u l a t i o n s  a n d  g e n e t i c  d r i f t  o v e r  t i m e .  T h e  o c c u r r e n c e  
o f  i s o l a t i o n  b y  d i s t a n c e  i s  n o t  n e c e s s a r i l y  e x p e c t e d  w i t h  m i g r a t o r y  p o p u l a t i o n s  t h a t  r e ­
c o n s t i t u t e d  e a c h  y e a r .  A d u l t  s a l m o n  r e t u r n i n g  t o  s p a w n  a r e  a b l e  t o  m o v e  a n y w h e r e  w i t h i n  t h e  
r i v e r  a n d  i f  a d u l t s  d o  n o t  h o m e  t o  n a t a l  s p a w n i n g  s i t e s  t h e n  n o  i s o l a t i o n  b y  d i s t a n c e  w i l l  b e  
d e t e c t e d .  
N o  c o r r e l a t i o n  b e t w e e n  e n v i r o n m e n t a l  d i f f e r e n c e s  b e t w e e n  s i t e s  a n d  g e n e t i c  d i f f e r e n t i a t i o n  
b e t w e e n  s i t e s  w a s  d e t e c t e d .  F e w  p r e v i o u s  s t u d i e s  h a v e  e x p l i c i t l y  t e s t e d  f o r  s p a t i o - t e m p o r a l  
g e n e t i c  d i f f e r e n c e s  u s i n g  t h e  s a m e  s i t e s  o v e r  c o n s e c u t i v e  y e a r s .  T h i s  s t u d y  u s e d  a  n e w  
m e t h o d  o f  i n v e s t i g a t i n g  t h e  p e r c e n t a g e  o f  g e n e t i c  v a r i a t i o n  a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  a l l e l e  
f r e q u e n c y  i n  c o n s e c u t i v e  y e a r s .  N o  t e m p o r a l  s t a b i l i t y  o f  p o p u l a t i o n  s t r u c t u r e  w a s  d e t e c t e d  
b e t w e e n  y e a r s .  T e m p o r a l  s t a b i l i t y  o f  s i t e  a l l e l e  f r e q u e n c y  w a s  d e t e c t e d  i n  a  C a n a d i a n  r i v e r  
( G a r a n t  e t  a l .  2 0 0 0 ) ,  t h u s  i t  c a n  b e  c o n c l u d e d  t h a t  t h e r e  w a s  a  t e n d e n c y  f o r  a d u l t  S .  s a l a r  t o  
r e t u r n  t o  t h e  n a t a l  s p a w n i n g  s i t e s  i n  t h i s  r i v e r ,  i n  t h e  t w o  y e a r s  i n v e s t i g a t e d .  
I n  t h i s  s y s t e m ,  t h e  p o s s i b i l i t y  t h a t  a d u l t s  w e r e  r e t u r n i n g  t o  t h e  n a t a l  s i t e s  t o  s p a w n  o r  t h a t  
s i g n i f i c a n t  d i f f e r e n t i a t i o n  w a s  d u e  t o  s a m p l i n g  a  l a r g e  n u m b e r  o f  o f f s p r i n g  f r o m  a  s m a l l  
n u m b e r  o f  s p a w n i n g  a d u l t s ,  w i t h  n o  r e p r o d u c t i v e  i s o l a t i o n ,  c o u l d  n o t  b e  d i s t i n g u i s h e d .  
5 . 7  M a n a g e m e n t  r e c o m m e n d a t i o n s  
T h e  R i v e r  F r o m e  i s  a n  S S S I  a n d  t h e  s a l m o n  p o p u l a t i o n  i s  t h e  o n l y  t r u l y  w i l d  p o p u l a t i o n  i n  
t h e  c h a l k  s t r e a m s  o f  s o u t h e r n  E n g l a n d .  A n  i n t e r e s t  i n  t h e  s a l m o n  p o p u l a t i o n  o f  t h e  r i v e r  
F r o m e  h a s  b e e n  s h o w n  b y  E n g l i s h  N a t u r e .  I n  a l l  o t h e r  r i v e r s  i n  t h i s  a r e a ,  s t o c k i n g  o f  f i s h  
r e a r e d  c o m m e r c i a l l y  h a s  s e r i o u s l y  a f f e c t e d  t h e  g e n e t i c  c o m p o s i t i o n  o f  t h e  w i l d  s t o c k  b y  
i n t e r b r e e d i n g .  A  c o n s e q u e n c e  o f  t h i s  h a s  b e e n  a  r e d u c t i o n  i n  f i t n e s s .  T h e  F r o m e  p o p u l a t i o n  
h i s t o r i c a l l y  c o m p r i s e d  t h r e e  a g e  g r o u p s  o f  r e t u r n i n g  a d u l t s  a n d  i t  i s  t h e  m u l t i - s e a - w i n t e r  f i s h  
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( e s p e c i a l l y  t h e  3 S W  g r o u p )  t h a t  h a v e  d e c l i n e d  t h e  m o s t .  R e s u l t s  f r o m  o t h e r  C E H  r e s e a r c h  o n  
s a l m o n  h a s  s h o w n  t h a t  t h e  s m o l t  p r o d u c t i o n  c a n  v a r y  4 - f o l d  f r o m  a  c o n s t a n t  a d u l t  s t o c k  
s u g g e s t i n g  t h a t  r i v e r i n e  e n v i r o n m e n t a l  f a c t o r s  a r e  i n n u e n c i n g  s m o l t  p r o d u c t i o n  a n d  t h a t  
h a b i t a t  i m p r o v e m e n t  i s  p o t e n t i a l l y  a  t o o l  f o r  f i s h e r i e s  m a n a g e m e n t .  
T h i s  s t u d y  h a s  s h o w  t h a t  t h e r e  a r e  n o  g e n e t i c a l l y  d i s t i n c t  s u b - p o p u l a t i o n s  o f  s a l m o n  n o r  a n y  
a r e a s  u s e d  e x c l u s i v e l y  b y  o n e  a g e  g r o u p  o f  a d u l t s .  T h i s  h a s  i m p o r t a n t  m a n a g e m e n t  
i m p l i c a t i o n s  i n  t h a t  e f f o r t s  o n  h a b i t a t  i m p r o v e m e n t s  t o  i n c r e a s e  j u v e n i l e  p r o d u c t i o n  s h o u l d  b e  
s p r e a d  t h r o u g h o u t  t h e  c a t c h m e n t  t o  i n c r e a s e  t h e  p r o b a b i l i t y  o f  e n h a n c i n g  M S W  s t o c k s .  I f  a l l  
l i f e  h i s t o r y  t y p e s  a r e  l i k e l y  t o  c o m e  f r o m  a n y  s e c t i o n  o f  t h e  r i v e r ,  t h e n  j u v e n i l e  s u r v i v a l  c a n  
b e  p r o m o t e d  a t  p a r t i c u l a r  s i t e s  w i t h o u t  p r e j u d i c i n g  a n y  s e c t i o n  o f  t h e  p o p u l a t i o n  a n d  
m a n a g e m e n t  e f f o r t s  c a n  b e  c o n c e n t r a t e d  o n  s i t e s  w h e r e  t h e  r e t u r n  i s  l i k e l y  t o  b e  h i g h .  A s  p a r r  
l e n g t h  i s  p o s i t i v e l y  r e l a t e d  t o  n o w  c a t e g o r y  ( d i s c h a r g e )  a n d  l a r g e  s m o l t s  s u r v i v e  b e t t e r  t h a n  
s m a l l  s m o l t s ,  i m p r o v e m e n t s  i n  t h e s e  m i d d l e / l o w e r  a r e a s  a r e  l i k e l y  t o  i n c r e a s e  n u m b e r s  o f  
s m o l t s .  
5 . 8  O u t p u t  
P u b l i s h e d  p a p e r :  
W e l t o n ,  J  . ,  W  .  C  B e a u m o n t ,  a n d  M  L a d l e .  1 9 9 9 .  T i m i n g  o f  m i g r a t i o n  a n d  c h a n g e s  i n  a g e  
s t r u c t u r e  o f  A t l a n t i c  s a l m o n ,  S a l m a  s a l a r  L . ,  i n  t h e  R i v e r  F r o m e ,  a  D o r s e t  c h a l k  s t r e a m ,  o v e r  
a  2 4  y e a r  p e r i o d .  F i s h e r i e s  M a n a g e m e n t  a n d  E c o l o g y  6 : 4 3 7 - 4 5 8 .  
I n  P r e s s :  
R a y b o u l d ,  A  F ,  R  T  C l a r k e ,  J  M  B o n d ,  R  E  W e l t e r s ,  a n d  C  J  G l i d d o n .  i n  P r e s s .  I n f e r r i n g  
p a t t e r n s  o f  d i s p e r s a l  f r o m  a l l e l e  f r e q u e n c y  d a t a .  
F u t u r e  p u b l i c a t i o n s :  
1 .  U s e  o f  m i c r o s a t e l l i t e  m a r k e r s  t o  i n v e s t i g a t e  p o p u l a t i o n  s t r u c t u r e  o f  S .  s a l a r ;  p r o b l e m s  
o f  c r o s s  s p e c i e s  a m p l i f i c a t i o n ,  a m p l i f i c a t i o n  o f  m o n o m o r p h i c  p r o d u c t s  a n d  m o r e  t h a n  t w o  
a l l e l e s  b e i n g  v i s i b l e  p e r  l a n e ,  i n  r e l a t i o n  t o  c h r o m o s o m e  p o l y p l o i d y .  
2 .  S p a t i a l  v a r i a t i o n  o f  a l l e l e  f r e q u e n c y  o f  S .  s a l a r  i n  t h e  R i v e r s  F r o m e  a n d  P i d d l e .  
3 .  T e m p o r a l  a s p e c t s  o f  s p a t i a l  g e n e t i c  v a r i a t i o n .  L o n g  t e r m  c h a n g e s  i n  a d u l t  p o p u l a t i o n  
s i z e ,  a g e  s t r u c t u r e  a n d  g e n e t i c  v a r i a b i l i t y  o f  S .  s a l a r  i n  t h e  r i v e r  F r o m e ,  D o r s e t .  
1 1 6 
  
6 .  A C K N O W L E D G E M E N T S  
D a t a  f o r  t h e  r i v e r  n e t w o r k  m a p  w a s  p r o v i d e d  b y  D u n c a n  H o r n b y ,  C E H  D o r s e t .  
E l e c t r i c  f i s h i n g  w a s  c a r r i e d  o u t  w i t h  t h e  h e l p  o f  C E H  D o r s e t  s t a f f ;  J e r o m e  M a s t e r s ,  
N e a s a  M c D o n n e l l ,  A b i g a i l  I n g r a m  a n d  w i t h  t h e  h e l p  o f  u n i v e r s i t y  p l a c e m e n t  s t u d e n t s ;  
P a u l  S t u r g e s s ,  B e t h a n  L e w i s  a n d  G r a h a m  H o l m e s .  
1 1 7 
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7. APPENDIX
 
7.3.5 Methods, Microsatellite Primer Optimisation 
Table 7.3.5.1 Fifteen microsatellite primers cloned from S. salar and tested for use in this study 
Locus Repeat type AToC NA Size bp Ho Published use for population structure analysis 
Ssa 202 (CAh(CTCAh 58 18 270-320 0.4-0.8 Beacham and Dempson 1998, Fontaine et al. 1997, Nielsen et al. 
(O'Reilly el al. 1996) 1999, Garanl el at. 2000. 
Ssa 171 (TGTA)14(TGh 58 29 233-267 0.6-0.9 Fontaine et al. 1997, Tessier el al. 1997, Tessier and Bematchez 
(O'Reilly el al. 1996) 1999, Garanl cl at. 2000. 
Ssa 197 (GT)sC(TG)4TC(TG)3 A 58 21 150-200 0.4-0.8 Beacham and Dempson 1998, Fontaine et al. 1997, Tessier et at. 
(O'Reilly el al. 1996) (GTGAhs 1997 and Tessier and Bematchez 1999, Garant et al. 2000. 
Ssosl85 (GTh2 55 14 177-204 0.5-0.8 Fontaine and Dodson 1999, Tessier et at. 1997 and Tessier and 
(Slettan et al. 1995) Bernatchez 1999, Garant et at. 2000. 
Ssa 289 (GT)lz 46 6 110-119 0.3-0.9 Beacham and Dempson 1998. 
(McConnell et at. 1995a) 
Ssosl417 (TGhs 53 21 159-211 0.7-0.8 Nielsen et at. 1999. 
(Slettan et al. 1997) 
Ssa 4 (GTh9 65 30 112-190 0.6-0.89 McConnell et at. 1995b and McConnell et al. 1995a. 
(McConnell et at. 1995b) 
Ssa 14 (TC)IQN1S 57 3 138-145 0.3-0.5 Beacham and Dempson 1998, McConnell et al. 1995b and 
(McConnell et at. 1995b) (TChNz(AChz McConnell et at. 1995a 
(TC)3Ns(CA)4 
Ssa 85 (GT) 14 58 12 110-138 0.3-0.8 O'Reilly et al. 1996 and Nielsen et al. 1999. 
(O'Reilly et al. 1996) 
Ssosl438 (AC)z6AT(AT)6 50 7 116-146 0.76 Nielsen et at. 1999. 
(Slettan et al. 1997) 
Ssosl439 (ACho 56 7 194 0.73 No published use. 
(Skttan et al. 1997) 
Ssosl444 (AC)41 58 5 135 0.48 No published use. 
(SkttcUl et al. 1997) 
F43 (AC/TG)" 60 9 96-102 0.5 No published usc. 
(S,Ulchcz cl al. 1l)<.J6) 
20.19 (AC/TG)" 62 4 0.7 No published usc. 
(S,Ulchc/, cl al. 19tJ6) 
D30 (AG/TC)" 53 5 0.5 No published usc 
(Sanchez el al. 1996) 
AT annealing temperalure, NA number of alleles, Ho observed heterozygosity. 
119 
Table 7.3.5.2 Four microsatellite primers, cloned from species other than S. safar, and tested in this study 
Primer Cloned from NA Ho	 Allele size 
bp 
S. trutta 6 0.49 97-111 
(Estoup et al. 1993) 
Jl60 
S. trutta ? 0.63 140-158Jl73
 
(Estoup et al. 1993)
 
Ogola Oncorhynchus 21 183-323 ?
 
(Olsen et al. 1998)
 
FGTI Oncorhynchus 7 ? ?
 
(Sakamoto et aI. 1994)
 
AT annealing temperature, NA number of aIleles, Ho observed heterozygosity.
 
Table 7.3.5.3 Six microsatellite primers cloned from species other than S. salar, with previous publication for use with S. salar 
Primer Cloned from NA Ho Allele size Used by Comments 
bp 
Jl3 S. trutta 11 0.6-0.7 204-216 Tessier et aI. 1997, 
(Tl:ssil:r l:1 al. \997) Fonlainl: l:l al. 1997. 
Jl79.1 S. trutta 6 0.2-0.6 145-161 Tl:sskr l:t ill. 1997. 
(Tl:ssil:r l:l ill. 1997) 
Jl79.2 S. trutta 2 0.3-0.6 120-122 Tessier et aI. 1997. numher of alleles low 
(Tessier el ill. 1997) 
Omy27 Oncorhnchus 17 0.76 ? McConnell et aI. 
(C. Herhinger, nOl puhlished) 1995b. 
Omy28 Oncorhnchus 25 0.79 ? McConnell et aI. 
(C. Herhinger, not published) 1995b. 
8fo-23 Salvelinus 12 0.6 114-144 Tessier et aI. 1997. 
(Angers et aI. 1995) 
AT annealing temperature, NA number of alleles, Ho observed heterozygosity. 
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Table 7.3.5.4 Eleven published microsatellite primers cloned from S. salar 
These primers were not purchased 
Primer Repeat type AT NA Ho Allele Used by Comments
 
cloned by size bp
 
Ssosl20 (CAb 58 6 0.74 120 / possibly useful
 
(Slettan et al. 1997) dinucleotide prone to stutter
 
Ssosl25 (TGb 58 5 0.670 159 / possibly useful.
 
(Slettan et al. 1997)
 
Ssosl32 / 55 7 0.82 111 / long repeat, not sequenced.
 
(Slettan et al. 1997)
 
Ssosl34 (GT)l~  54 7 0.66 163 / possibly useful
 
(Slettan et al. 1997)
 
Ssosl311 (TG)3~  55 23 0.7-0.9 126-170 Nielsen et aI. 1999 possibly useful 
(Slettan et aI. 1997)
 
Ssosl436 (TG)41 54 10 0.76 127-187 / possibly useful
 
(Slettan et al. 1997) photo shows stutter
 
Ssosl446 A+B (ACb 56 11 / 132 / NOT USE
 
(Slettan et al. 1997) alleles overlap, two primer sites very close together.
 
Ssosl456 (AC)12AG (AC)lO 58 1 0 177 / NOT USE
 
(Slettan et al. 1997) monomorphic
 
SS 4 GT 60 14 0.8 184-254 / heterozygous, large number of alleles, however, not previously used
 
(Martinez et aI. 1999)
 for population studies. Published photo has large amount of stutter. 
SS 6 GT 65 5 0.67 226-268 / heterozygous, large number of alleles, however, large alleles size, not 
(Martinez et aI. 1999) previously used for population studies and published photo has large 
amount of stutter. 
SS 11 GT 67 15 0.67 338-390 / heterozygous, large number of alleles, however, large alleles size, not 
(Martinez et aI. 1999) previously used for population studies and published photo has large 
amount of stutter. 
AT annealing temperature, NA number of alleles, Ho observed heterozygosity. 
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7.4.3 Results, Genetic variability 
Table 7.4.3.1 Genetic variability at 6 microsatellite loci of S. salar in the rivers Piddle and Frome sampled from 16 sites, July 1998 
Sample size (N), number of alleles (NA), expected heterozygosity (Ht), observed heterozygosity (Ho) 
locus BS TF WH OB NF LM EB ES ESMS WS HA MB TK BM TW MF overall 
sites 
N total 5 72 9 16 30 34 76 24 18 52 12 2 1 29 10 58 448 
Ssa 202 
N 4 60 2 3 24 12 66 20 15 38 5 1 1 9 7 45 312 
NA 3 5 2 3 4 5 6 4 4 5 3 1 2 3 3 5 6 
Ht 0.708 0.609 0.5 0.583 0.541 0.795 0.665 0.637 0.686 0.674 0.75 NA NA 0.576 0.524 0.619 0.684 
Ho 0.5 0.533 0.5 0.667 0.5 0.583 0.5 0.4 0.7333 0.6316 0.6 0 0 0.444 0.7143 0.6889 0.5641 
Ssa 171 
N 5 59 3 15 30 32 61 18 16 48 11 2 1 28 10 57 396 
NA 4 10 4 5 7 8 10 7 7 9 5 2 1 6 4 7 11 
Ht 0.8 0.818 0.833 0.693 0.739 0.817 0.804 0.802 0.75 0.794 0.568 1 NA 0.774 0.7 0.805 0.779 
Ho 1.0 0.7288 0.667 0.7333 0.6 0.875 0.7377 0.8333 0.625 0.7917 0.4545 0 0 0.8214 0.7 0.8421 0.7525 
Ssa 197 
N 5 72 9 15 30 33 72 24 17 49 12 2 1 28 10 50 429 
NA 5 10 7 8 10 9 11 7 7 8 6 3 1 10 5 11 14 
Ht 0.85 0.85 0.889 0.795 0.847 0.808 0.837 0.824 0.844 0.831 0.803 1 NA 0.786 0.728 0.859 0.854 
Ho 0.6 0.7083 0.6667 0.8667 0.633 0.4848 0.6667 0.5 0.4118 0.551 0.25 0.5 0 0.8929 0.7 0.68 0.634 
Ssosl8S 
N 5 68 9 13 29 32 71 23 17 47 10 2 1 27 9 58 421 
NA 3 8 8 6 7 8 7 9 6 8 7 2 1 7 5 6 11 
Ht 0.575 0.689 0.875 0.821 0.776 0.756 0.724 0.824 0.8 0.661 0.839 0.5 NA 0.59 0.743 0.804 0.773 
Ho 0.8 0.4706 0.8889 0.7692 0.8276 0.5938 0.5352 0.4348 0.6471 0.5957 0.7 0.5 0 0.6296 0.7778 0.8103 0.6247 
Ssa 289 
N 5 62 5 2 0 0 56 18 17 47 10 2 1 25 9 38 297 
NA 3 5 4 2 NA NA 5 3 3 4 2 1 2 4 4 5 5 
III 0.75 0.631 0.85 1 NA NA 0.316 0.212 0.438 0.469 0.344 0 NA 0.32 0.611 0.585 0.525 
110 0.2 O.OS06 0.2 0 I I 0.1786 0.1111 0.0588 0.1064 0.2 0 1.0 0.36 0.556 0.3421 0.1852 
Ssosl417 
N 2 31 0 7 20 13 39 18 15 44 10 2 1 12 3 15 232 
NA 2 8 NA 3 5 3 5 6 4 6 4 2 1 5 2 5 9 
Ht 1 0.697 NA 0.667 0.814 0.577 0.706 0.81 0.648 0.74 0.578 1 NA 0.807 0.667 0.738 0.808 
Ho 0 0.2258 I 0 0.4 0.2308 0.1538 0.111 0.2 0.2727 0.1 0 0 0.1667 0 0.2 0.2026 
over all loci Ht 0.780 0.716 0.789 0.759 0.743 0.751 0.675 0.685 0.694 0.695 0.567 0.875 NA 0.53 0.662 0.735 0.737 
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Table 7.4.3.2 Genetic variability at 6 microsatellite loci of S. salar in the Rivers Piddle and Frome sampled from 16 sites, September 1998 
Sample size (N), number of alleles (NA ), expected heterozygosity (Ht) and observed heterozygosity (Ho) per locus per population 
locus GB NF LM EB ES ESMS WS HA MB TW SW WO Me MF DT DS overall 
Ntotal 14 10 48 54 10 18 20 10 27 4 10 10 5 57 3 6 306 
Ssa 202 
N 7 6 32 30 4 15 11 8 8 3 9 4 4 39 0 3 183 
NA 4 4 5 5 2 3 3 3 4 3 4 4 3 5 NA 2 6 
Ht 0.786 0.817 0.739 0.704 0.5 0.35 0.7 0.42 0.652 0.667 0.757 0.833 0.667 0.601 NA 0.667 0.719 
Ho 0.4286 0.5 0.6563 0.7 0.75 0.4 0.4545 0.5 0.5 1.0 0.4444 0.5 0.75 0.5385 / 0.3333 0.5683 
Ssa 171 
N 12 10 43 50 4 18 19 9 16 2 8 2 5 45 0 I 244 
NA 6 6 8 7 4 6 6 6 6 4 4 3 3 6 NA I 11 
Ht 0.731 0.817 0.8 0.795 0.792 0.737 0.839 0.771 0.785 I 0.741 0.75 0.6 0.777 NA NA 0.795 
Ho 0.9167 0.9 0.7674 0.84 I 0.7778 0.6842 0.5556 0.375 1.0 1.0 1.0 0.6 0.6889 / 0 0.75 
Ssa 197 
N 7 9 38 48 6 15 14 7 0 I 10 6 4 47 I 3 216 
NA 5 3 9 10 8 7 7 6 NA I 3 7 3 11 I 4 13 
Ht 0.774 0.667 0.754 0.707 0.95 0.79 0.808 0.869 NA NA 0.706 0.917 0.625 0.818 NA 0.833 0.817 
Ho 0.8571 0 0.6842 0.5625 0.6667 0.8 0.7857 0.5714 / 0 0.6 0.8333 1.0 0.7021 0 0.6667 0.6781 
SsosJ 115 
N 13 10 39 50 10 18 15 10 26 3 6 4 4 47 1 5 261 
NA 5 3 7 7 4 5 6 5 7 4 4 4 I 8 2 4 8 
Ht 0.74 0.661 0.773 0.759 0.744 0.694 0.776 0.722 0.8 0.833 0.7 0.833 0 0.8 NA 0.75 0.749 
II" O.X462 1l.8 O.X71 X 0.6X 0.6 0.5556 0.8667 I.Il 0.7692 0.6667 0.6667 0.25 0 / I 1.0 0.6858 
S,:o 2119 
N 14 10 44 32 10 15 15 10 10 4 8 6 4 38 3 5 228 
NA 4 3 4 4 4 3 3 3 I 3 2 3 2 4 2 2 5 
lit 0.728 0.678 0.152 0.232 0.628 0.481 0.19 0.278 0 0.625 0.232 0.317 0.5 0.437 0.667 0.5 0.45 
IIo 0.1429 0.2 0.1364 0.2188 0.2 0.4667 0.2 0.3 0 0.5 0.25 0.3333 0.75 0.4474 0.333 0.2 0.2632 
8s..,1417 
N 2 0 31 30 7 10 0 4 4 4 8 9 5 27 0 5 146 
NA I NA 5 5 2 5 NA 3 3 2 4 3 2 6 NA 2 7 
Ht 0 NA 0.781 0.719 0.5 0.822 NA 0.833 0.833 0.583 0.732 0.472 0.55 0.782 NA 0.4 0.763 
Ho 0 / 0.0968 0.1667 0.4286 0.1 / 0 0 0.25 0.25 0.1111 0.4 0.2593 / 0 0.1333 
over all loci Ht 0.752 0.792 0.665 0.653 0.686 0.6546 0.663 0.649 0.768 0.742 0.645 0.687 0.588 0.703 0.667 0.63 0.716 
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Table 7.4.3.3 Genetic variability at 5 microsatellite loci of S. salar in the River Piddle, November 1998 
Sample siZl: (N), numhl:r of alkks (NA ), expl:ctcd heterozygosity (Ht) and ohserved heterozygosity (Ho) per locus per population 
,..;ik cod~  GB ESMS WS BM WO ov~n.dl  
N llltal 4 7 (, <) !O 36 
Ssa 202 
N 4 I I 2 I 8 
NA 4 2 2 I I 4 
Ht 0.833 NA NA 0 NA 0.639 
110 0.75 I 1.0 0 I 0.625 
Ssa 197 
N 3 6 4 9 5 27 
NA 3 5 4 5 7 10 
Ht 0.667 0.817 0.792 0.563 0.9 0.794 
Ho 1.0 1.0 0.5 0.3333 1.0 0.7037 
SsoslllS 
N 3 3 2 5 7 20 
NA 3 4 2 6 6 7 
Ht 0.667 0.917 0.5 0.85 0.857 0.767 
Ho 1.0 0.6667 0.5 0.8 0.5714 0.7 
Ssa 289 
N 3 5 2 7 8 25 
NA 3 4 1 3 2 4 
Ht 0.833 0.9 0 0.548 0.232 0.52 
Ho 0.3333 0 0 0.4286 0.25 0.24 
Ssosl417 
N 2 6 5 8 9 30 
NA 2 4 3 3 6 7 
Ht 1 0.8 0.8 0.714 0.785 0.768 
Ho 0.0 0 0 0.125 0.3333 0.1333 
over all loci 0.8 0.859 0.697 0.669 0.694 0.698 
Ht 
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Table 7.4.3.4'Genetic variability at 6 microsatellite loci of S. salar in the rivers Piddle and Frome sampled from 16 sites, July 1999 
Sample size (N), number of alleles (NA), expected heterozygosity (Ht) and observed heterozygosity (Ho) per locus per population 
Sikcod~  BS WH GB NF LM EB ES ESMS WS HA BM TW SW WO MF RW overall 
total N 3 5 13 53 36 21 9 14 26 20 31 17 17 3 49 21 338 
Ssa 202 
N 3 5 13 53 35 21 9 14 26 20 31 17 17 3 49 17 333 
NA 4 3 4 6 5 4 4 3 4 5 4 5 4 2 5 5 7 
lit O.X33 0.725 0.651 0.747 0.747 0.67') 0.7.\6 0.64X 0.6:12 0.725 0.724 0.643 0.5 0.647 0.717 0.717 0.706 
11<, 1.0 O.X 0.')231 O.X4') I 0.X2X6 0.7143 O.77n 0.642') 0.6')23 0.9 0.5806 0.X235 0.X235 0.6667 0.7755 0.7059 0.7748 
SS:I 171 
N 3 5 12 53 36 21 9 14 26 20 31 16 17 3 49 17 332 
NA 4 6 7 10 8 6 5 6 6 7 7 6 6 1 8 6 11 
lit 0.X33 0.X33 0.833 0.X33 (J.833 0.833 O.77X 0.805 0.74 0.753 0.739 0.733 0 0.791 0.744 0.735 0.783 
110 J.(J 1.0 0.6667 0.8679 0.9167 0.9048 0.7778 0.8571 0.6923 0.9 0.7419 0.75 0.8235 0 0.5918 0.8824 0.7892 
Ssa 197 
N 3 5 13 53 35 21 9 14 26 19 31 16 16 3 49 16 329 
NA 5 6 6 11 8 10 5 8 10 10 11 9 9 3 10 7 15 
Ht 0.917 0.9 0.856 0.86 0.839 0.794 0.778 0.841 0.853 0.845 0.811 0.86 0.667 0.8 0.863 0.804 0.857 
Ho 1.0 1.0 0.6154 0.6981 0.55143 0.7143 0.6667 0.8571 0.8846 0.7368 0.7419 0.75 0.875 1.0 0.8163 0.75 0.7447 
Ssosl SS 
N 3 3 10 46 36 21 9 13 26 20 29 16 16 3 41 18 310 
NA 3 3 5 6 5 7 4 6 6 6 5 5 5 2 5 5 9 
Ht 0.583 0.75 0.761 0.691 0.713 0.802 0.722 0.769 0.805 0.708 0.736 0.717 0.667 0.564 0.802 0.775 0.752 
Ho 0.667 1.0 1.0 0.7391 0.722 0.8095 0.3333 0.3077 0.5 0.6 0.6552 0.75 0.6875 0 0.4634 0.7222 0.6387 
Ssa 2S9 
N 3 4 9 49 35 20 9 14 26 20 31 16 17 3 49 17 322 
NA 2 1 3 5 5 3 3 3 4 3 5 3 4 2 4 4 5 
Ht 0.667 0 0.569 0.497 0.164 0.445 0.556 0.514 0.453 0.191 0.613 0.676 0.5 0.551 0.323 0.368 0.471 
Ho 0 0 0.111 0.3673 0.1714 0.45 0.7778 0.7143 0.5 0.15 0.3548 0.375 0.2941 1 0.4286 0.1765 0.3602 
Ssosl417 
N 2 4 9 38 21 15 3 10 23 12 27 6 15 3 34 15 237 
NA 2 3 4 5 6 3 3 5 4 4 5 5 4 3 4 8 9 
lit 
II" 
J 
(J 
O.X33 
0 
0,6')4 
0 
0.6')5 
0.2368 
0.777 
0.381 
(J.61 ') 
0.0667 
0.833 
0.6667 
0.X5 
0.2 
0.754 
0.08 
0.731 
0.1667 
0.622 
0.2593 
0.6') 
0.1667 
0.75 
0.3333 
0.6')') 
0.6667 
0.') 
0.352') 
0.781 
0.2667 
0.74X 
0.2405 
IIYer "II (J.806 (J.XOS 0.727 0.721 0.67') 0.695 0.734 0.738 0.706 0.659 0.708 0.720 0.617 0.675 0.725 0.697 0.719 
Illd Hl 
t2li'$ 
Table 7.4.3.5 Genetic variability at 6 microsatellite loci of S. salar in the rivers Piddle and Frome sampled from 16 sites, September 1999 
Sample size (N), nllll1ber of alleles (NA), expected heterozygosity (Ht) and observed heterozygosity (Ho) per locus per population. 
sirecode BS WH GB NF LM EB ES ESMS WS HA MB BM TW SW wo MF overall 
total N 2 17 12 33 31 30 34 13 11 11 30 13 17 21 3 21 299 
Ssa 202 
N 1 9 9 24 20 8 21 10 10 7 13 10 15 21 3 17 198 
NA 2 4 5 5 4 5 4 4 3 4 4 4 4 4 3 4 5 
Ht NA 0.674 0.667 0.736 0.658 0.777 0.654 0.678 0.678 0.75 0.731 0.733 0.764 0.833 0.746 0.714 0.727 
Ho 1 0.7778 0.7778 0.6667 0.65 0.75 0.4762 0.8 0.9 0.7143 0.8462 0.5 1.0 0.8571 0.3333 0.5882 0.7172 
Ssa 171 
N 2 9 10 24 25 21 23 12 9 8 11 13 17 20 3 17 224 
NA 3 5 7 7 7 5 7 6 7 5 5 5 4 6 3 6 12 
HI 0.75 0.729 0.839 0.83 0.828 0.746 0.822 0.826 0.847 0.804 0.627 0.718 0.764 0.667 0.827 0.566 0.805 
Ho 1.0 0.7778 0.7 0.7917 0.96 0.7143 0.9565 1.0 1.0 1.0 0.9091 0.7962 0.6471 1.0 01.0 0.7647 0.8571 
Ssa 197 
N 2 14 11 1 19 27 19 7 10 7 15 12 14 18 3 21 200 
NA 3 7 7 2 7 9 8 7 9 4 6 10 9 8 4 8 12 
HI 0.75 0.786 0.836 NA 0.825 0.806 0.846 0.702 0.856 0.69 0.814 0.909 0.861 0.833 0.774 0.879 0.83 
Ho 1.0 0.7143 0.8182 1 0.7368 0.7407 0.5789 0.5714 0.5 0.4286 0.6 0.8333 1.0 0.9444 1.0 0.7619 0.7400 
Ssosl85 
N 2 14 12 33 28 27 32 11 11 11 20 13 17 21 3 21 276 
NA 2 5 5 5 7 5 6 5 6 4 4 4 3 6 3 4 8 
HI 0.5 0.761 0.803 0.741 0.675 0.648 0.73 0.805 0.85 0.709 0.564 0.644 0.67 0.667 0.687 0.537 0.719 
1-10 0.5 0.7857 0.6667 0.697 0.7143 0.5556 0.8125 0.9091 0.9091 0.2727 0.7 0.6154 0.6471 0.7143 1.0 0.5714 0.6884 
Ssa 289 
N 2 17 12 25 17 14 33 13 11 9 17 13 16 20 3 21 243 
NA 2 4 4 5 2 4 4 4 4 3 2 3 3 3 3 4 5 
lit t 0.478 0.428 0.546 0.O5!.> 0.624 0.638 0.712 0.4 0.215 0.44!.> 0.5!.> OM5 0.833 0.444 0.563 0.542 
II" 0 0.1765 0.3333 0.2 0.0588 0.4286 0.6667 0.3846 0.4545 0.2222 0.5294 0.3077 0.375 0.15 0.333 0.381 0.3457 
SS(ls1417 
N 2 10 to 24 23 27 21 10 8 9 11 8 10 I!.> 2 16 210 
NA 
HI 
2 
I 
3 
0.711 
3 
0.644 
4 
0.647 
4 
0.718 
5 
0.621 
4 
0.718 
5 
0.8 
4 
0.821 
5 
0.833 
4 
0.727 
3 
0.714 
2 
0.744 
5 
1 
2 
0.8 
5 
0.2 
7 
0.786 
Ho 0 0.1 0.1 0.1667 0.1739 0.1852 0.2381 0 0.125 0.1111 0.0909 0.375 0 0.3158 0 0 0.1524 
over all loci Ht 0.8 0.690 0.703 0.7 0.627 0.704 0.735 0.754 0.742 0.667 0.652 0.718 0.75 0.806 0.713 0.577 0.735 
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Table 7.4.3.6 Genetic variability at 6 microsatellite loci of S. salar in the rivers Piddle and Frome sampled from 15 sites, July 2000 
Sample size (N), munber of alleles (NA ), expected heterozygosity (Ht) and observed heterozygosity (Ho) per locus per population 
locus BS WH GB NF LM EB ES ESMS WS HA BM TW SW WO MF overall 
Total N 14 18 25 20 30 30 26 31 28 30 31 7 29 28 30 377 
Ssa 202 
N 13 17 23 19 29 25 18 30 23 19 29 7 27 27 29 332 
NA 5 5 4 5 4 5 5 4 4 4 4 4 4 3 4 5 
Ht 0.779 0.7 0.701 0.798 0.667 0.694 0.395 0.655 0.704 0.731 0.664 0.691 0.625 0.695 0.786 0.724 
Ho 1.0 0.6471 0.8261 0.8421 0.6897 0.6 0.2222 0.6 0.6522 0.7895 0.6522 0.7143 0.8148 0.5926 0.6897 0.6627 
Ssa 171 
N 14 17 25 20 30 27 24 31 22 19 29 7 29 28 30 352 
NA 5 8 9 7 8 7 7 6 6 8 8 4 7 6 8 11 
Ht 0.585 0.803 0.738 0.674 0.743 0.774 0.813 0.731 0.68 0.713 0.759 0.813 0.712 0.785 0.75 0.767 
Ho 0.5 0.7059 0.84 0.7 0.633 0.8515 0.8333 0.7742 0.7273 0.6842 0.7931 0.7143 0.931 0.9286 0.6333 0.7642 
Ssa 197 
N 14 18 25 20 29 30 26 30 28 29 31 7 29 28 29 373 
NA 7 9 9 8 8 10 7 10 10 8 8 7 8 9 8 16 
Ht 0.824 0.845 0.808 0.837 0.866 0.852 0.79 0.849 0.787 0.857 0.784 0.775 0.765 0.815 0.869 0.858 
Ho 0.8571 0.889 0.8 0.75 0.7931 0.8 0.6923 0.9 0.75 0.7586 0.7419 0.7143 0.8276 0.7857 0.7931 0.7882 
8sos185 
N 13 12 22 19 16 29 18 29 23 23 26 2 29 24 16 313 
NA 4 4 5 4 4 5 4 6 6 4 7 4 6 4 4 10 
Ht 0.554 0.735 0.591 0.645 0.64 0.72 0.685 0.712 0.654 0.412 0.783 0.761 0.645 0.558 1 0.712 
Ho 0.7692 0.5833 0.3636 0.6316 0.0625 0.7586 0.3333 0.7586 0.7826 0.5217 0.6923 1.0 0.6897 0.4583 0.0625 0.6006 
Ssa 289 
N 10 5 12 10 23 29 23 29 12 5 22 7 25 26 23 262 
NA 2 3 1 2 4 4 4 4 3 2 5 1 5 4 4 5 
Ht 0.1 0.4 0 0.189 0.324 0.45 0.68 0.357 0.595 0.4 0.611 0.571 0.444 0.312 0 0.39 
Ho 0.1 0.2 0 0.2 0.2174 0.3448 0.3478 0.3793 0.333 0 0.6818 0 0.44 0.2308 0.2174 0.3092 
Ssosl417 
N 14 14 19 19 16 16 13 16 9 12 11 2 24 16 16 224 
NA 2 4 5 4 5 4 4 4 5 2 5 I 5 2 5 6 
lit 0.473 0.687 0.741 n.681 0.763 0.69 0.737 0.727 0.854 0.303 0.818 0.667 0.5 0.7')8 0 0.758 
II" 0.5714 n.1429 n.lo53 0.1579 0.25 0.25 0.2308 0.25 0.2222 () 0.1818 0 () 0 0.25 0.183 
ovcr "Hlod Ht 0.553 0.695 0.716 0.637 0.667 0.697 0.683 0.672 0.712 0.569 0.737 0.743 0.615 0.661 0.852 0.702 
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Table 7.4.3.7 Genetic variability at 6 microsatellite loci of S. salar in the rivers Piddle and Frome sampled from 14 sites, October 2000 
Sample size (N), number of alleles (NA), expected heterozygosity (Ht) and observed heterozygosity (Ho) per locus per population 
sitecode BS GB NF LM EB ES ESMS WS HA MB BM SW WO MF overall 
TotalN 29 20 14 30 31 27 17 15 12 30 24 15 13 31 308 
Ssa 202 
N 29 19 14 30 24 22 13 13 9 28 22 15 13 27 278 
NA 5 5 5 5 6 5 5 4 4 4 4 3 4 5 6 
Ht 0.767 0.754 0.681 0.719 0.774 0.708 0.712 0.628 0.674 0.606 0.696 0.6 0.516 0.741 0.706 
lin 1l.75X6 1l.631fl 0.7143 O.66fl7 0.7'»7 O.flX IX O.7fl')2 O.53X5 0.4444 0.6071 O.XI X2 O.X O.56X5 0.7407 0.6')42 
Ssa 171 
N 27 IX 12 23 2X 26 17 15 12 28 23 15 II 25 2XO 
NA 5 8 6 6 6 7 6 5 6 5 6 7 3 9 9 
lit O.5X5 0.814 0.689 0.806 0.786 0.748 0.756 0.779 0.758 0.443 0.651 0.812 0.541 0.781 0.74 
110 0.3704 0.8889 0.5 0.6087 0.8214 0.7308 0.6471 0.7333 0.8333 0.3929 0.6087 0.9333 0.9091 0.8 0.6750 
Ssa 197 
N 27 19 14 29 31 27 16 15 9 30 24 15 12 31 299 
NA 8 8 8 8 8 9 8 9 6 7 10 6 4 8 12 
H! 0.808 0.849 0.863 0.868 0.824 0.818 0.756 0.848 0.875 0.813 0.763 0.781 0.648 0.852 0.84 
Ho 0.9259 0.8421 0.7857 0.9655 0.871 0.8148 0.875 0.8 0.8889 0.8 0.6667 0.6667 0.9167 0.9355 0.8462 
Ssosl85 
N 27 20 14 29 31 27 17 14 12 30 24 15 12 31 303 
NA 4 5 5 5 5 5 5 5 8 6 5 4 4 5 8 
Ht 0.666 0.736 0.75 0.507 0.72 0.748 0.765 0.709 0.617 0.556 0.81 0.529 0.723 0.755 0.706 
Ho 0.8148 0.65 0.5714 0.3793 0.6774 0.6667 0.5882 0.6429 0.5 0.3667 0.7083 0.6667 0.8333 0.7419 0.6238 
Ssa 289 
N 27 9 9 27 30 25 17 15 7 28 23 15 11 29 272 
NA 2 2 3 3 5 4 2 3 3 4 3 4 3 5 5 
Ht 0.44 0.472 0.625 0.412 0.563 0.454 0.371 0.295 0.476 0.493 0.536 0.65 0.555 0.56 0.502 
Ho 0.4074 0.444 0.2222 0.2963 0.5667 0.4 0.3529 0.3333 0.4286 0.3214 0.3043 0.4 0.8182 0.4828 0.4081 
Ssosl417 
N 26 14 12 21 25 23 13 9 10 26 17 12 7 4 219 
NA 6 3 5 5 6 5 4 4 3 3 3 5 3 5 8 
Ht 0.729 0.692 0.769 0.687 0.79 0.767 0.724 0.625 0.511 0.592 0.634 0.652 0.667 1 0.785 
Ho 0.3077 0 0.4167 0.2381 0.2 0.1739 0.1538 0.3333 0.1 0.1923 0.2353 0.25 0 0.25 0.2100 
over all 0.666 0.720 0.730 0.666 0.743 0.707 0.679 0.647 0.647 0.584 0.682 0.671 0.608 0.782 0.713 
Iud Ht 
129
 

7 . 4 . 4  R e s u l t s  A l l e l e  f r e q u e n c y  
1 .  L o c u s  S s a  2 0 2 
  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n = 6 0 
  
i  
: r " " " ! 

. .  I t 
  
S i t e  2  T r i g o n  F o r d ,  P i d d l e  n =  4  
i!l"::"~:I:~:~
 
S i t e  3  W e s t  H o l m e  n = 3  
: : j  ~m·····I····~··········i 
: :  ,  . J 
  
S i t e  4  G r e y ' s  B r i d g e  n = 2  
I i :  r··········m:~m·I~~":11 
1 2  : ; ! .  < I  5  f .  
S i t e  5  N o r r i s  F a r m  n =  2 4  
0 . 7  . . . . . . • . . • . • • • • . • • . • • • • • • • • • • • • . • • • . • • • . . . • . • • • • • • . . . . . . . . . . . . . . . . • • . • . . . . . . . . • . • • • .  " . :  
0 . •  
0 . 5  
0 . 4  
~: !  
0 . 1  '  
o+---~-'_L-~--~-
S i t e  6  L e w e 1 1  M i l l  n =  1 2  
I " : l ! ; ' :  i l l ] 

1  ~ J  . . I  ~, ' 3  
S i t e  7  E a s t  B u r t o n  n =  6 6  
iij·················~···"···········I·······~·....... i 
  
o  , , ,  ,  , L  
F i g u r e  7 . 4 . 4 . 1  A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 6  s i t e s  o n  
t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  J u l y  1 9 9 8  
1 3 1  
S i t e  8  E a s t  S t o k e  n =  2 0  
~J~:mmlm~:~
 
S i t e  9  E S M S  n =  1 5 
  
m m m m 
  
0 . 5
" " 1 - . .
0 . 3  
" '  I
0 . 2  
o~ , • ,  ,  , • ,  I J  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  3 8  
1
: : 1  . . • . 

: ;  , I ,  , I ,  , I J 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  5  
: : j m w  m _ _  m m m m m m m  . . m m m  . . m. .~ :  
:~I, , I ,  , I J 
  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  1  
i 1 j m m m m m m .
i
" '  I  ' 

o  , , , , , ,  
S i t e  1 3  T a d n o l l  K n a p  M i l l  n =  1  
1 ! r m : l : m : m , m  
l  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  9  
' " 1 '  . .  .  . . .  . .. .  m m . . . . m m  . . . .  
0 2  i
: :
' " I
.  I J 

0 1  :  
o  , , , , ,  
;
.  
-
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 2 
  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  7  
nM"~""""""~i

. , ,  , L ,  , 
  
S i t e  1 9  M o r e t o n  F o r d  n =  4 5  
~1r""I"1 
I0 . 1  I • 
  
o  , , - ,  , , - i  
2 .  L o c u s  S s a  1 7 1  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  5  
0~3~ l · · · · · · · · · · · · · · · · ; ; ; ; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  ~ j  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
O.O~ I  , _  ,  _ , _  , _  i  
9  1 0  1 1  
S i t e  2  T r i g o n  F o r d  n = 5 9  
0 . 3 5 _  .  
0 . 3 
  
0 2 5 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  , . , - , . , - , - , - , - ,  - ,  
9  1 0  1 1  
S i t e  3  W e s t  H o l m e  n = 3  
1jr::I::,,~:""1
 
1 0  1 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 5  
~il" "  I . "  . .  . . . . . . . . . . . . . . . . . . . . , 
  
o  - - - - , - . - , . . . . . , i,  W  ,  , - ,  
1 0  1 1  
S i t e  5  N o r r i s  F a r m  n =  3 0  
~l~iL,:-::~:

o - ,  ,  1 0 1 1  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 3  
S i t e  6  L e w e l l  M i l l  n =  3 2  
o 3 5 1 	  .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
Q~I·,-l·I·,·l	 - li · , ·  
9  1 0  1 1  
S i t e  7  E a s t  B u r t o n  n =  6 1  
~~ r~JJ:~,m:~:~:m~:
 
o ,  i 	  1 0  1 1  
S i t e  8  E a s t  S t o k e  n =  1 8  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 0 5 	  •  
0 . 1 	  
J  
,
•  
I
I i
f
o  
9  1 0  1 1  
S i t e  9  E S M S  n =  1 6  
0 3 	  
I . :  
:
: : 1 1 : 

0 2 	  :  
0 1  • • •  
o  i  I  I I • - I  I  I  I  1 0  I  1 1  I  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  4 8  
" " 1 · · · · 	  .  
0 2 5 
  
0 2 
  
0 1 5 
  
0 1 

" 1 1
o~ , I ,  , 1 , _ , 1 , _ ,  , - I  
9  1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 1  
;~rmmmmmm 
O 	  
I I I
J  - - ­
1 0  1 1  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  2  
0 . 3
~:I'" U
0 . 2  
0 . 1  
o 	  f - - - - - r - - - r - - . . , . . J ,  L . , - - , . . . . . - - - . - - . , - - - , - - - - - r - - <  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 4 
  
S i t e  1 3  T a d n o l l  K n a p  M i l l  n =  1  
" 1 · · · · · · · · · · · · · · · ·  .  
0 6 
  
0 4 

, ;  I  
0 2  
o  "  " , , ;  
1 0  1 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 8  
: : = . : ]  . .  n  m n ' n  • . • . • . • • • • • • • n  • • • • • • • • • •  
'~': I I I  I
0 . C 6  •  _ ' .  
o  ' I "  [ I I  
9  1 0  1 1  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1 0  
o.'~ .  
. .  I  
~ . I  . 
  
o  i i f .  I I i  I I  
1 0  1 1  
S i t e  1 9  M o r e t o n  F o r d  n =  5 7  
O , j  .  
0 2
,~ W
0 1 5  
000~ I , , ,  i, •  ,  , • , • ,  
1 0  1 1  
3 .  L o c u s  S s a  1 9 7  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n = 5  
i !  ~.: ,. .  :  :  . . . • . . . . . ,• • .J:.~ • . . . .  m  · , · · · · i  
1  3  < 1  S  £  7  8  9  I ' ) I I  1 2  1 3  1 4 I S 1 6  
S i t e  2  T r i g o n  F o r d  n = 7 2  
0 . 3 "  - . . .  .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  , - , - ,  , I ,  , 1 , - , 1 , - , 1 , _ , ;  
1  2  3  4  5  6  7  8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  3  W e s t  H o l m e  n = 9  
~1~., " ' "  , i l l i 

1 2 3  4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 5  
S i t e  4  G r e y ' s  B r i d g e  n = 1 5  
~:[ : m · · · · · : · . : . I D J 
  
1 2 3 4 5 6 7 8  9  1 0  1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  5  N o r r i s  F a r m  n = 3 0  
0 . 3 5  T · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  ,  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
o.o~ I •  I  I •  I •  , •  I •  I i · i  I •  I •  , •  • •  I ;  
1 2 3  4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  6  L e w e 1 1  M i l l  n = 3 3  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  7  E a s t  B u r t o n  n = 7 2  
0 3 5 [  .  
0 3  
0 2 5  
0 2  
0 1 5  
0 1  
0 0 5  
0 1 2 3 4 5 6  
S i t e  8  E a s t  S t o k e  n = 2 4  
0 . 3 5 '  .  
0 . 3  
0 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1 - ,  , . , . , . , . , . , - ,  i  
I  2 3 4 5 6 7 8 9 1 0  1 1  1 2 1 3  1 4 1 5 1 6  
S i t e  9  E S M S  n =  1 7  
0 3 5 T . . · · · · · · · · · · · · · · · · · ·  · · · · · · · · · · · ·  : . ; , :  .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0.0~ I •  ,  , •  ,  , •  ,  , . , •  , •  , •  ,  
1  2  3  4  5  6  7  8  9  f a  1 1  1 2  1 3  1 4  1 5  1 6  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 4 9  
0 . 4  ~ . .  
0 . 3  
0 . 2  
0 . 1  
1 2 3  4 5 6 7 8  9  1 0  1 1  1 2  1 3 1 4 1 5 1 6  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 6 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 1 2  
I  
0 5 r . . · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . . • . . . . . . 
  
0 . 4  
0 . 3  
0 . 2 
  
0 . ' 
  
1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n = 2  
0 . 5  
0 . 4  
0 . 3  
0 . 2
" ' I  
I
" ;  "  , U , , 

,  2  3  4  5  6  7  8  9 ' 0  1 1 1 2 1 3 1 4 1 5 1 8  
S i t e  1 3  T a d n o l l  K n a p  M i l l  n =  1  
m  m m m  
i i l I  . 
  
o  I I  I  
1 2  3  4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 2 8  
~1.~::,.,.:~:mmmm~:u::,~m
 
1 2  3  4 5  6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1 0  
0 . 5  _ . . . .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1  2  3  4  5  6  7  8 9  1 0  1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 9  M o r e t o n  F o r d  n = 5 0  
0 . 2 5 _  .  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 2 3  4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
4 .  L o c u s  S s o s l  8 5  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n = 5
" ' j  m . . . . . . . . . . . . . . _ u• • . • . .  
0 . 5  
0 . 4  
U i  
" '  I
~! , , ,  , I ,  ,  "  , , U  
9  1 0  1 1  1 2  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 7  
S i t e  2  T r i g o n  F o r d  n = 6 8  
~~r
. .  - . .  . .  1  _ 

o  , , , , , , , , "  •  
9  1 0  1 1  1 2  
S i t e  3  W e s t  H o l m e  n = 9  
0 3 , . . · · · · · · · · · · · · . . · ·  · ·  · · · ·  · · . . · · · · · · · · · · · , ; ; ; · · · · · · · · ·  .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1
0 . 0 5  _ _ _ _ _ _ _ , _ ,  
o  I  " " " "  
9  1 0  1 1  1 2  
S i t e  4  G r e y ' s  B r i d g e  n = 1 3  
0 . 3 5  .  
0 . 3  
0 . 2 5 
  
' ) . 2 
  
0 . 1 5  
0 . 1  
o.o~ I  , _ , _ , _ , •  ,  , _ , _ ,  
3 4  5 6 7 8 9 1 0 1 1 1 2  
S i t e  5  N o r r i s  F a r m  n = 2 9  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  , - ,  , _ , w , _ , _ ,  , - . ,  
9  1 0  1 1  1 2  
S i t e  6  L e w e l l  M i l l  n = 3 2  
~!rmmmi

"~ . I  I L 

o ,  
-
, , , , ,  
.
, ,  
-
, ,  
.  
9  1 0  1 1  1 2  
S i t e  7  E a s t  B u r t o n  n = 7 1
' ' ]  . .  . . . . . . . . . . . . . . • . . . . . . . . . . . 

0 3
O O w J
0 2  
0 :  , 1 , _ ,  I  ,  1 - ,  
9  1 0  1 1  1 2  
S i t e  8  E a s t  S t o k e  n = 2 3  
0 2
, ' "  l J J
0 1 5 
  
0 1 

' l
OO~ , . " , . ,  ,  , . , .  
9  1 0  1 1  ' 2  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 8 
  
S i t e  9  E S M S  n =  1 7  
0 3 5 r · · · · · · · · · · · · · · · · · · · · ·  ; . ; : . . . . . . . . • . . . . . . . • . . • • . . . . . . . . . . . . . . . . . . . . • • . . . . . . 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
O.O~ I  , •  ,  , •  , •  , •  , •  • i  
9  1 0  ' 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 4 7  
~irmmmmm.i
 
" '  - 1 _ . 1  . ; 

o 	  , ,  I ,  j I I i I  I i '  
3 4  
9  1 0  1 1  1 2  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 1 0  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
5 6 7 	 8  9 1 0  1 1 1 2  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n = 2
. , j 	  . 
  
.
0 2  
,  I  
.  
0 4  
I  
o  , , , , , , , , , , , ,  
9  1 0  1 1 	  1 2  
S i t e  1 3  T a d n o l l  K n a p  M i l l  n =  1  
i 1 1 	  , ,  , L J
o  , , , , , , ,  
9  1 0  1 1 	 1 2  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 2 7  
0 5 
  
0 4 
  
I  
0 3 
  
0 2 
  
. ,
" ' r
0 1 	  • •  _  
o 	  I I i , I I I I  ,  I I  
9  1 0  1 1 1 2  
S i t e  1 5  T a d n o l l  W i n f r i t h  n = 9  
~!1··············.········1······· · . · · 1 · · · · · · · · · · · · · · · ; 
  
o  "  " " ' "  , U
9  1 0  1 1 	  1 2  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 3 9 
  
S i t e  1 9  M o r e t o n  F o r d  n = 5 8  
002~r"""""""'" . . . . . • • • • • . . . . • • • • . • . . . . . . . = j 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5 • •  •  •  •  , . ,  i  
o  I  " " ' "  
2 3 4  5 6 7  6  9 1 0 1 1 1 2  
5 .  L o c u s  S s a  2 8 9  
S i t e  I  B e r e  S t r e a m ,  P i d d l e  n = 5  
0 . •  ,  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 + - 1 - - - . ­
S i t e  2  T r i g o n  F o r d  n = 6 2  
0 . 6  - - ­
0 . 5  
0 . 4  
0 . 3 
  
0 2 
  
0 . 1  
0 1  ­
S i t e  3  W e s t  H o l m e  n = 5  
o 5 ,  .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  4  G r e y ' s  B r i d g e  n = 2  
0 . 6  _ . - . . ,  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  7  E a s t  B u r t o n  n = 5 6  
m  
~~1m~ .= m  m m · · · i 
  
o  I I •  , ,  
S i t e  8  E a s t  S t o k e  n =  1 8  
~J:_, , I , - , 
  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 4 0 
  
S i t e  9  E S M S  n = l 7  
: :  I · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
: ;  - ,  •  ,  , 1 ' - - - , - , - - - - , 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 4 7  
0 8  
1 :  
0 6  1
4
0 2  
o  - , - , - ,  L - , - , - - - j  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 1 0  
,  
~j[ 
•  
u  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n = 2  
' l m m m m m m m  :. . .
U  i  
u
0 . 4  !
I '
0 . 2  1  
o ,  I  I i i
S i t e  1 3  T a d n o l l  K n a p  M i l l  n = l
: ; : [.  
1 ) . 4 
  
0 , 3 
  
' ) . 2 
  
0 . \ 
  
o j  . - L L  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 2 5
' f '  .  
0 6 
  
u
0 4 

I
0 : _ _ _  ; 
  
S i t e  1 5  T a d n o l l  W i n f r i t h  n = 9  
. , j  .  
0 5  
0 4  
0 3  
" '  . J
0 2  
O~ , • ,  , _ ,  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 4 1  
S i t e  1 9  M o r e t o n  F o r d  n = 3 8  
i i r m m m : m m m m = l
"  ,  , . J ,  , 
  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2  
0 . .  6 1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
~1 ,  . I  "  ,I~,,
1 0  
S i t e  2  T r i g o n  F o r d  n = 3 1  
0 . 6  ~ . . _  .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1 - - - - - , - i  
1 0  
S i t e  4  G r e y ' s  B r i d g e  n = 7  
!i~[~!
o  i  •  I ' i I  j i  
1 0  
S i t e  5  N o r r i s  F a r m  n = 2 0  
0 . 3  _ . .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - ,  - - , - , - i  
1 0  
S i t e  6  L e w e l 1  M i l l  n =  1 3  
j l j · · · · · · · · · · · · · · · · · · · · · · · · · · · f · · · · · · · · · · · · · · · · · · ·  !  
: :  , , , . , I ,  ' " '
o  
S i t e  7  E a s t  B u r t o n  n = 3 9  
0 . 5  _ . . . .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 0  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 4 2  
0 1  
i  
S i t e  8  E a s t  S t o k e  n =  1 8  
o 3 5 1  .  
0 . 3  
0 . 2 5  
0 . 2 
  
0 1 5 
  
o.o~ I  • • • • •  •  
2  3 4 5  6 7 8  9 1 0  
S i t e  9  E S M S  n = 1 5  
~i 1 · · · · · ·  · 1 · · · · · . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  ~ 
•  L,-,-~~-i
".~. •  ~~--.-II
3 4  
9  1 0  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 4 4  
0 . 4  . , . . . . . • . . . . . . • . • • • . . . . . . • • • • • • . . • • • . . . . . . . • • . . . . . • . . . . . . • • • • • • • • . • . . . . . . . . • . • • • • • • • • : 
  
' ) . 3  
' ) . 2  
' ) . 1  
9  1 0  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 1 0  
i i j m m i m m m m  
l
, ·  
. . ,  • • •  i  
~ 1 ( .  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n = 2  
m
!l m m m m l I m m m  
, "  
r~f 1 3  T a d n o l !  Kn~~Mil! : r ;  
• 2 3  ~ ~ " i  1 e  ~ I  ~. 
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 1 2  
I : : : : ! : m m L I i  m i l  
' 1  •  ~ G 1 B 9  ' 0  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  3  
~~c 
~I

I  2 : \  4  ~ 6  7 8  
9 "  
S i t e  1 9  M o r e t o n  F o r d  n =  1 5  
::~.. .  
.
0 . 1
,  U
O . ?  
o ,  , - i  
2 3 4 5 6 7 8  9  1 0  
F i g u r e  7 . 4 . 4 . 1  ( C o n t i n u e d )  
1 4 3 
  
17171
 
1 .  L o c u s  S s a  2 0 2  
S i t e  4  G r e y ' s  B r i d g e  n =  7  
0 . 5  " .  ~'-~'-~-"",~,~ . " . .~-.~·.~·.~-.y.~·.Y·_·-~-·~···-" . - . , , - . " . " . . " . . , , " . - . . , , " . - . " . . - _  -. . "  - . . " . - . "  
0 . '  
0 . 3 
  
0 2 
  
0 . 1  
S i t e  5  N o r r i s  F a r m  n =  6  
0 . 3 5  T·······························~·····················.~ : .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o+-I--~--~ 
S i t e  6  L e w e 1 1  M i l l  n =  3 2  
: l m  
1  
;. .  
0 '  I L  !
0 . 1  '  
o  _ •  i  
I "  • )  
S i t e  7  E a s t  B u r t o n  n =  3 0
: :1~. . . . .m~m • • • • • • • • • • • • • • • • • m .  _  . . . m  • • • •  
: :  - I  I  . .
o  , , , , ,  
S i t e  8  E a s t  S t o k e  n =  4  
0 . '
0 '
0 . 3
~·:l
L I  
~! ,  , ;  
S i t e  9  E S M S  n =  1 5  
iirm~m I _  .  
o  " ' "  
F i g u r e  7 . 4 . 4 . 2  A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 6  s i t e s  o n  
t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  S e p t e m b e r  1 9 9 8  
1 4 5 
  
• •  • •  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 1
: : j. .  m m  m . . m  m m . . . . . . . . . . . . . . . . . . . . . . . :. • . . . . 
  
: ;  , I ,  , I ,  I J 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 1  
i  
: : r m m m m m m m . . ,
" '  I~

,  - i :o  i i '  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n =  8  
m  m m m
: : 1  
0 . 2
: :  I  1
0 . 1  
o  i  i - ,  i - ,  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  3  
j l m m m m m  
l
. • .  
0 :  I ,  i • i ,  i  i  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  9  
i  
: g r m m . m m m _ " - I. . .  
0 . 1  . ;  
" "  I  I  ~

0 0 5  •  :  
o  , •  i II  
S i t e  1 7  W o o l  S t r e a m  n =  4  
o 4  " T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • :  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  4  
0 . 6  _ . . .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1  •  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 4 6 
  
i  
S i t e  1 9  M o r e t o n  F o r d  n =  3 9  
j~!""""""::"':"'~':I"',:"':""~". 
  
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  3 
  
. ;
~l
,  ,  , I ,  , l 
  
2 .  L o c u s  S s a  1 7 1 
  
S i t e  4  G r e y ' s  B r i d g e  n = 1 2  
~~ f··:~::_·······:···········.m~ .
" , I l l "  ,
1 2 3 4 5 6  7 8 9 1 0  1 1 
  
S i t e  5  N o r r i s  F a r m  n =  1 0 
  
" " j  . 
  
0 2 5 
  
0 2 

" ' 1 1
:~ ,. ,  , . I  , . , 

1 2 3 4 5 6 7 8 9 1 0  1 1 
  
S i t e  6  L e w e l 1  M i l l  n =  4 3 
  
" . "1::::m~u___uu 
0 . 2  
0 . 1 5
" "  L I J
. : ;  . • ,  , - . I ,  , . 
  
1 2 3 4 5 6 7 8 9 1 0  1 1 
  
S i t e  7  E a s t  B u r t o n  n =  5 0 
  
0 2 5 
  
0 2 
  
0 1 5
" ' I
O~~
' W
I , . ,  , • , 
  "  , • ,  ,  
1 2 3  4 5 6 7 8  9 1 0  1 1 
  
S i t e  8  E a s t  S t o k e  n =  4 

" j _ : : : : ­
" "  I 

" i l l
0 . :  "  " " "  
2 3 4 5 6 7 8 9 1 0  1 1 
  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 4 7 
  
S i t e  9  E S M S  n =  1 8  
n:~:J~:~::~,m:m
 
1 0  1 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 9  
0 , 2 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . • • • • • • • • • • • • • . 
  
0 . 2  
0 1 5  
0 . 1  
0 , 0 5  
1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  9  
~J,.Ii.-.~m , . , 
  
1 0  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n =  1 6  
0 2
: l l i l
0 . \  • •
.  , , ,  ,  
o  j I  I  1 0  1 1  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  2  
0 . 3  • . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . .  .  . 
  
0 . 2 5  
0 . 2 
  
0 . \ 5 
  
0 . 1  
0 . 0 5  
0 1  , - , - , - ,  , - i  
1 0  1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  8  
iJ,:~m,m:lm:m:m,
 
1 0  1 1  
S i t e  1 7  W o o l  S t r e a m  n =  2  
0 . 6  ~ . .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1  - - , - ,  i  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 4 8 
  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  5  
l j m m m m m m r m i  
. , 1 I  , 
  
o~ • , "  "  1 0 1 1 
  
S i t e  1 9  M o r e t o n  F o r d  n =  4 5 

0 2  ,
' ; : r i f i
. "  I · 

0 1 5  !  
0 1  , 
  
OO~ - ,  , • "  1 0 1 1 
  
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  1 
  
~Tm[ 
. ) •  I 
  
1 1 )  1 1 
  
3 .  L o c u s  S s a  1 9 7 
  
S i t e  4  G r e y ' s  B r i d g e  n =  7 
  
0 . 5  , "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . • . . . . . . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 2 3  4 5 6 7 a  9  1 0  1 1  1 2 1 3  1 4  1 5  1 6 
  
S i t e  5  N o r r i s  F a r m  n =  9 
  
!Irm~i
 
o  i i i  , I I , ,  i i '  . :  
I 2 3  4 5 6 7 8  9  1 0  1 1  1 2 1 3  1 4  1 5  1 6 
  
S i t e  6  L e w e l l  M i l l  n =  3 8 
  
~; j.~mm, . . . . :. . . . ~ . .  m m . .:.~m::.~., I w J  
1 2 3  4 5 6 7 8  9  1 0  1 1 1 2 1 3  1 4 1 5 1 6 
  
S i t e  7  E a s t  B u r t o n  n =  4 8 
  
~~rmmmm
" .  . . 1 . .  1 

o  I  , , i i ' I  , I  I •  i i i '  
1 2 3  4 5 6 7  a  9  1 0  1 1  1 2 1 3  1 4 1 5 1 6 
  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 4 9 
  
S i t e  8  E a s t  S t o k e  n =  6  
0 . 3  "  . . . . . . . . • . • . . . • • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . • • • • . • • • . . . . • • . • . . . . . . . . . . . . . . . . . . . 
  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  I  , . , . ,  , . , . , . , . , . , . ,  :  
1 2 3  4 5 6  7 8  9  1 0  1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  9  E S M S  n =  1 5  
0 . 5  ,  . . . • • • • • • • . . . . . . • . . . • . • . • . . . . . . . • . • • • • • • • • • • • • • . . • . . . • . . • . • • • • • . . . . • . . . . . . . . • • • • • • • • • . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 2 3  4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 4  
0 . 3  
: ;
" ' I  
. I .  , I ,  , i l l , . , . ,  ,  
1 2  3 4 5 6 7 8  9  1 0  1 1  1 2 1 3 1 4 1 5 1 6  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  7  
0 4  T · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  ~ .  
0 . 3  
0 . 2  
0 . \  
I  2  3  4 5 6 7 8 9  1 0  1 1 1 2 1 3 1 4 1 5 1 6  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1  
" 1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  ~ 
0 . 6
~	 I
0 . 4  
0 . 2  
o 	  I  I i  
1 2  3  4 5 6 7 8 9  1 0  1 1  1 2 1 3 1 4 1 5 1 6  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 0  
0 . 4  • . . . . . . . • • . . • . . . • . . . • . . . . . . . . • • • • . . . . • . . . . . . . . . . . . . . . . . . • • • • • • • • • • . • • . • • • . . . . . . . • . • • • • . 
  
0 . 3  
0 . 2  
0 . 1  
1 2  3  4 5  6 7 8 9  1 0  1 1  1 2 1 3 1 4  1 5 1 6  
S i t e  1 7  W o o l  S t r e a m  n =  6  
0 . 3  
0 2 5 
  
0 2 
  
0 1 5 
  
0 1 
  
0 . 0 5
0 1 . ,  , . , . ,  , . , . , . , . ,  i  
1 2 3  4 5 6 7 8 9  1 0  1 1 1 2 1 3 1 4  1 5 1 6  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 0 
  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  4  
~~ri

" '  I  I I  ' 

o  I I [ I • I I , I I  I I I i  I 
  I 
  
1 2 3  4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 
  
S i t e  1 9  M o r e t o n  F o r d  n =  4 7 
  
~~~mm~.Jj.:_:
 
o  i  , , , I • i t ' , i i  
1 2 3  4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 
  
S i t e  2 1  D e r e c k ' s  T a d n o l l  n =  1 
  
i ]  J  i 
  
1 2 3  4 5 6  7 8 9  1 0 1 1 1 2 1 3 1 4  1 5 1 6 
  
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  3 
  
1 ,
0 6  
0 - 1  :
0 5  ~u L
0 3  ~ 
0 2  
0 1  •  
o  , c , . , - , - - . , - - ;  
1 2 3  4 5 6 7  B  9 , 0  1 1  1 2 1 3 1 4 1 5 1 6 
  
4 .  L o c u s  S s o s l  8 5 
  
S i t e  4  G r e y ' s  B r i d g e  n =  1 3 
  
: :
" ' I  
" '  
, , L I . ,
I
, , I  
1 0  
1 1 
  
S i t e  5  N o r r i s  F a r m  n =  1 0 
  
" l m m
" '  I 
  
,  ,  ,  , , , , ,
" ' u
: ;  
1 0  1 1 
  
S i t e  6  L e w e l l  M i l l  n =  3 9 
  
t : : ,  3 5  _ . . . 
  
: · 3 
  
0 2 5 
  
' ) 2 
  
0 1 5 
  
0 . 1 
  
0 < ; 5 
  
0 1  , - , - , - , - , - , - ,  , - :  
1 0  I I 
  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 1 
  
S i t e  7  E a s t  B u r t o n  n =  5 0  
0 5 , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1  
S i t e  8  E a s t  S t o k e  n =  1 0  
~~rlm
 
o~ ,  I , , ,l,  , ,  , ,  , •  
1 0  1 1  
S i t e  9  E S M S  n =  1 8  
!jj~~~m~,
 , - i  
1 0  1 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 5  
0 . 3 5  ,  . . . . • . . . . • . •  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
•  _  
J - ,  
9  1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 1 0  
~llmi
 
o~ ,  , •  , , , , •  ,  I ,  ,  , l  
1 0  1 1  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  2 6  
0 . 3  ~".-' . .  - - - - - - - . . . . . . .  .  . 
  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  , - , - , - , - , - , - - j
9  1 0  1 1  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  3  
. ,
0 ' . ' ]  
I 

~f , , U J ,  , , , , , 
  
1 0  I I  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 2 
  
0 . 4  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  6  
;~ 1 " " · · · · · · " · 1 " " · · · · · · " · " " " " " " ) - _ · · · · _ · 1. • 
  
' . 1  • • i 
  
o  • • ,  I  • I i ,  •  I 
  
l  : 3  4 5  6  7  8 9 1 0  I I 
  
S i t e  1 7  W o o l  S t r e a m  n =  4 
  
m m
m  
I . r  : J  : l I  
:  ~ - I  ~. $ 7  ' 3  ~ I~' 1 \  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  4 

: : ) . 

! j 4  :  
. . 2  •
' " I · 

U  • •  I  I . . . '  i  I 
  
I  2 . 3  4 5 6  7 8 9 1 0 1 1 
  
S i t e  1 9  M o r e t o n  F o r d  n =  4 7 
  
:~ri

,  - , I L I , - , .  I - , - ; 

2 3 4 5 6  7 8 9 1 0 1 1 
  
S i t e  2 1  D e r e c k ' s  T a d n o l l  n =  1 
  
I 1• .  l···.·"···.····".·····.······."m.-l~m_".~
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  5 
  
i 
  
0 '  1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 3
"  
:~ , L i ,  
I 
  
, I ;  
I  2 3 4 5 6 7 8 9  1 0  1 1 
  
5 .  L o c u s  S s a 2 8 9  
S i t e  4  G r e y ' s  B r i d g e  n =  1 4 
  
0 , 5  _ . - . 
  
' l 4 
  
) J  
' 2 
  
) 1 
  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 3 
  
S i t e  5  N o r r i s  F a r m  n =  1 0  
0 6 T · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o-l-I--.....,...~ 
S i t e  6  L e w e l l  M i l l  n =  4 4  
M
U I
· : r . '
I , 

0 . 2  i  
o ,  I I  , - ;  
S i t e  7  E a s t  B u r t o n  n =  3 2  
, 1 · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 5  
M  I
0 . 4  
0 . 2  
o - i - ,  - .  ,  I  
S i t e  8  E a s t  S t o k e  n =  1 0  
nm=mmm~i

.  ,  , . J ,  , 
  
S i t e  9  E S M S  n =  1 5  
~~[ 
•  
L  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 5  
~~r····················· · · · · · · · · · · 1  
o  • - I  • - 1I  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 0  
l : r  - - "  , ' I 
  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 4 
  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  1 0  
I  
0 . 6  !
u  
0 . 4  1
I . l ·
I !
. .···~
 
0 2  j  
o [  ,  iI  I  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  4  
0 5  
O .  .
. Ju
0 3  
0 2
" r
o~ . . .  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 8  
. . . . _ . . .  . - " ;  
~~l 
u
-
S i t e  1 7  W o o l  S t r e a m  n =  6  
' I · · · · · · · · · · · · · · · · ·  !  
0 6  :  
u  I !
o .  
0 2  
o  , - ,  i - ,I  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  4  
0 , 7  ~ . . . . . . . . • • • . . . . . . _ - _  _ - _  • . . • . • , . • , . , • . • • • • • • . • . • . . , . , . - • . . 
  
0 0  
0 . 5  
O .  
0 3 
  
0 2 
  
0 '  
)  + - 1 - - - - - - , - - - r - - - - , - - J  
S i t e  1 9  M o r e t o n  F o r d  n =  3 8  
~~ j ' .  .  .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . j 
  
,  ,. . ,. . ,I I ,_ _ ; 
  
S i t e  2 1  D e r e c k ' s  T a d n o l l  n = 3  
. . . . . . . . · 
l i L ·
I ,  , I ,  i  
o  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 5 
  
•  •  
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  3  
: : r m m m m m
" '  • I
o  , , , , ,  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  4  G r e y ' s  B r i d g e  n = 2  
':~ .  
0 8 
  
0 6 
  
O . 
  
0 2 
  
o  , , , , , , , ,  
S i t e  6  L e w e l l  M i l l  n =  3 1  
0 . 3 5  . .  
0 . 3  
0 . 2 5  
0 . 2 
  
0~1~~ • _ 
  
OO~~ 
S i t e  7  E a s t  B u r t o n  n =  3 0  
0 5 1 "  , ; ; , ; , ;  .  
0 . '  
0 . 3  
0 . 2  
0 . 1  
S i t e  8  E a s t  S t o k e  n = 7  
i r m J . l . : 
  
S i t e  9  E S M S  n =  1 0  
: : r · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · I £ · · · · · · · · · · ·  .  
: :  . .  ..~
 
S i t e  I I  W h i t f i e l d  H a t c h e r y  n = 4
: : ]
0 . 3  
" '  W
0 . 2  
o.~ , I  ;I  I i .  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 6  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n =  4  
~n··.················································"'····························1 
0 . 3  
0 . 2  •  
o~ I .  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  4  
~··.l··
I  '
. . . 
I .
§  I
o  i , i , i  I  I i '  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 8  
~:l················
0 . 3  
0 . 2  
0 . 1  
o  
J ' I ' . I .  i  
S i t e  1 7  W o o l  S t r e a m  n =  9  
: : 1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 2
" ' L
o
-
I j•  i i i  ,
.  
S i t e  1 8  M o r e t o n  C a r r i e r  n =  5  
~~~ I  . 
  
0 ,  I  I  
1  
S i t e  1 9  M o r e t o n  F o r d  n =  2 7  
0 4  ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 
  
0 . 3  
0 . 2  
0 . 1  
S i t e  2 2  D o r c h e s t e r  S e w e r a g e  n =  5  
i  
u . a  
1 . 6
: ;
l
, , I  , I  , i  
F i g u r e  7 . 4 . 4 . 2  ( C o n t i n u e d )  
1 5 7 
  
8~1 
1 .  L o c u s  S s a  2 0 2  
S i t e  4  G B  n = 4  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0  
1  2  3  4  
5  6  
S i t e  1 0  W S  n = l  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0  
1  
2  3  
4  
5  6  
S i t e  9  E S M S  n = l  
: : r · · · · · · · · · · · · · = · · · · · · · · · · · · · · · · · · · · = · · · · · · · · · · · . . · · · ·  \  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 4  B M  n = 2  
,  2  ,  . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - · · • · · · · · · · · · · · · . . · i 
  
0 . 6  
0 . 6  
0 . 4  
0 . 2  
F i g u r e  7 . 4 . 4 . 3  A l l e l e  f r e q u e n c i e s  a t  5  m i c r o s a t e l l i t e  l o c i ,  f o r  S .  S a l a r  s a m p l e d  a t  5  s i t e s  o n  t h e  
R i v e r  F r o m e ,  N o v e m b e r  1 9 9 8  
1 5 9 
  
2 .  L o c u s  S s a  1 9 7  
S i t e  4  G B  n = 3 	  S i t e  9  E S M S  n = 6  
. . : . ?  l · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 3 5 	  .  
0 . 3
- : ' . 5  
0 . 2 5
· : · 4  
0 . 2  
' : ' . 3  
0 . 1 5  
. : .  2  
' : ' 1  
0 . 0 5
I 	  
0 . 1  
I  
1 	 2 3  4 5  
6 7  8  9 1 0 1 1 1 2 1 3 1 4 1 5  
1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 ( )  W S  n = 4 	  
S i t e  1 4  B M  n = 9  
' . ;  1 ' ' ' '  .  
0 . 8 	  .  
0 . 7
- : - 5  
0 . 6  
{ .  "  
0 . 5 
  
- : - . 3  
0 . 4 
  
0 . 3
" : ' . 2  
. : . , 	  
0 2  I
0 . 1
I  I I I 	  
a
o ,  , 1 , 1 " ,  , I ,  i  
1 2 3 4 5 6 7  8  9  1 0  1 1  1 2  1 3 1 4 1 5 	  1 2 3 4 5 6  7  8  9  1 0  1 1  1 2 1 3 1 4  1 5  
S i t e  1 7  W O  n =  5  
. , .  J 6 , . . 	  
. . . . . . . . - - - - - - - . - . . . . . _ - - : 
  
) )  
: - 2 ' 5  
: ' . 2  
: .  ' 5 
  
· : · 1 
  
- : - : 6 
  
1 2 3 4 5 6 7  9  1 0  1 1  1 2  1 3  1 4  1 5  
F i g u r e  7 . 4 . 4 . 3  ( C o n t i n u e d )  
1 6 0 
  
3 .  L o c u s  S s o s l 8 5  
S i t e  4  G B  n = 3  
S i t e  9  E S M S  n = 3  
0 . 6  ,  .  
0 . 3 5  
0 . 5  
0 . 3  
0 . 4  
0 . 2 5  
0 . 3  
0 . 2  
0 . 1 5  
0 . 2  
0 . 1  
I  
0 . 1  
0 . 0 5  
0  
1  2  3  4  5  6  7  B  9  1 0  1 1  1 2  1  2  3  4  5  6  7  8  
! i  1 0  1 1  1 2  
S i t e  l O W S  n = 2  
S i t e  1 4  B M  n = 5  
0 . 4 5 . ,  · · , · V . · · , · , " _ · , · . ' · ·  . .  _ - _  .  
0 . 7  
0 . 4  
0 . 4  
0 . 5  
0 . 6
" ' 1 1  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 3  
0 . 2  
0 . 1  
0 . 2  
I  
0 . 1 5  
0 . 1  
0 . 0 5  
1  2  3  4  5  6  7  B  9  1 0  1 1  1 2  
1  2  3  4  5  6  7  8  ! i  1 0  1 1  1 2  
S i t e  1 7  W O  n =  7  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 , 1 5  
0 . 1  
0 . 0 5  
1  2  3  4  5  6  7  8  9  1 0  1 1  1 2  
F i g u r e  7 . 4 . 4 . 3  ( C o n t i n u e d )  
1 6 1 
  
4 .  L o c u s  S s a  2 8 9  
S i t e  4  G B  n = 3  
0 . 6  "  .~-.~-.~-.~'.~'.~'.'.'.'.'.~'.~'-~'.~'.~'-~'.~'.~'.'.' ~. .~-.~ . .~ . .  ~'.~ . •  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 0  W S  n = 2  
: : ' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · u · · · · · · · · · · · · · · · · " 1  
0 : .  I  
0 . 4  1  
0 . 2  1  
S i t e  1 7 W O n = 8  
1  
0 . 9  
0 . 8  
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  ~ 
0 . 1  
' - r - ­
•  
4 5  
F i g u r e  7 . 4 . 4 . 3  ( C o n t i n u e d )  
S i t e  9  E S M S  n = 5  
0 . 4 5  " ' T . •~ . •  ~-.~ . ' .  .--~--~-.~--~-.-~.~-.~ ~--~----.~ ~ -~--~-.~'.~.~.~". - :  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
O . J . . . - - , ­
1  
S i t e  1 4  B M  n = 7  
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
l I - ,
o  ! - - - - r ­
1 2
3  
4 5  
1 6 2 
  
5 .  L o c u s  8 s o s 1 4 1 7  
S i t e  4  G B  n = 2  
0 . 6  1"~"~"~ ~'-~'-~-.~.~ - . - . . . .~ . • . •  ~ ~ .~.~... ~.-.~ _.~.~ .~.: 
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 2 3 4 5  1 3  • 1 0  
S i t e  1 0  W S  n = 5  
0 . 4 5  
0 . 4  
0 . 3 5  
0 . 3  
0 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0  
1
2 3  4  5  6  7 8  
9 1 0  
S i t e  1 7  W O  n = 9  
0 . 4 5  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 2  
0 . 1 5  
0 1  
0 . 0 5  
I
0  
I  I  I  
-
,
•  
1 0
1 2
3 4 5 5  
F i g u r e  7 . 4 . 4 . 3  ( C o n t i n u e d )  
S i t e  9  E S M S  n = 6  
0 . 6  . , . - . . - ' . - . ' . . _ . _ . . _ . _ - - . _ - . . . . . . . . . • '  _ ' . _  _ . _ - ' - _ . _ _ . . . . . . • . . . . . 
  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 2 3 4 5 6  7 8  9  1 0  
S i t e  1 4  B M  n = 8  
0 . 5  
0 . 4 5  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0  
1
2 3 4 5 6  
7
8  
•  
1 0  
1 6 3 
  
1791
 
1 .  L o c u s  S s a  2 0 2  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n = 3  
0 : ; \ 5  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
o.~ 
0 . 2 5  
0 . 2  
o  , 5  
o .  ,  
o o s 
  
o 
  
S i t e  3  W e s t  H o l m e  n = 5
: : 0  
:~ I I  
1  
I  
o  I ' I ,  ,  • I  
S i t e  4  G r e y ' s  B r i d g e  n = 1 3  
0 2  :
f·{~~11
0 '  • •  :  
I ) • •  i  
S i t e  5  N o r r i s  F a r m  n = 5 3  
0~3; l · · · · · · · · · · · · · · I · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  !  
0 2 5  1  
0 . 2  :  
o  1 5  :  
o ,  :  
0 0 5  1  
S i t e  6  L e w e l l  M i l l  n = 3 5  
o  : ; > · 5  ,  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . ; > ­
0 . L 5  
C . 2  
O .  1~, 
0 '  
0 . 0 5  
S i t e  7  E a s t  B u r t o n  n = 2 l
: . : [ 1  · · · · · · · · · · · · · · · · · · 1  
0 1  :  
"  I I  ·  
o  , I ' - .  I i i
S i t e  8  E a s t  S t o k e  n = 9  
0 . 3 5  
. . • . . . . . . . . . . . . . . . . . . . "  . . . . • . . . . . . . . . . . . . . . . . • . . . . . 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
•
0 . 0 5  
o  . J . . . . - - , . . . . .  
1  
F i g u r e  7 . 4 . 4 . 4 A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 6  s i t e s  o n  
t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  J u l y  1 9 9 9  
1 6 5 
  
S i t e  9  E S M S  n = 1 4  
0 . 5  • • . . . . . . . • . . . . . . • • • • . . • • . . . . . . • • . • . . . • . . • . • . • • . . . . . . . . . . . . . • • • • • • . . . . . . . . . . . . . . . . . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 2 6  
I j  G~I-~ •. . . . . . - - - - - - - - .  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 2 0  
0 . 4 · · · · · · · · · ·  "  .  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 3 1  
0 . 3 5  - - - - _  - - . - - .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5 
  
0 . ' 
  
0 . 0 5  
o  
S i t e  1 5  T a d n o l l  W i n f r i t h  n = 1 7  
I : ' :  [j--r~-I--I 
I 2  : " I  4 5  ~ 7 a  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 1 7  
1 ]  G················I-·~·:-_··.··········I 
S i t e  1 7  W o o l  S t r e a m  n = 3  
: : 0 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 '  I
0 2  
o  L.--~--j 
S i t e  1 9  M o r e t o n  F o r d  n = 4 9  
~l--[i· 
, "  •  f  
0 ) , \  •  I  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 6 6  
S i t e  2 0  R a i l w a y  n = 2 2  
0 . 5  . .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
2 .  L o c u s  S s a  1 7 1  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  3  
: g 1  _ - _ . . . . _  _ _ 
  . . . . •  
1  
0 . 1  ,
."  L L  I  
o.o~ i '  • I I "  :  
1 0  1 1  
S i t e  3  W e s t  H o l m e  n = 5  
0 3 5  T · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
OO~ I  , •  , _ , •  , _  , _  , •  i  
1 0  1 1  
S i t e  4  G r e y ' s  B r i d g e  n = 1 2  
~J:~IL-, , - ,  , I i  
1 0  1 1  
S i t e  5  N o r r i s  F a r m  n = 5 3  
::~l---
0 . 1
. "  L I J  
~ , _ , , 1 , 1 , 1 . •  , _ , 1  
1 0  1 1  
S i t e  6  L e w e l l  M i l l  n = 3 6  
o J 
  
0 2 5 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - ,  , • • • • • • •
• I I  I  • •  
1 0  1 1  
S i t e  7  E a s t  B u r t o n  n = 2 l  
0 . 5  
0 . 4 
  
O J 
  
0 . 2 
  
0 1 
  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 6 7 
  
S i t e  8  E a s t  S t o k e  n = 9  
:~rI1~m,~:mm:j
 
o ,
0 0 5  , ,  1 0 I I  
S i t e  9  E S M S  n = 1 4  
°o~r"""""""""""""""""""""""""································1 
0 . 2 5 ] _  •  ,  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  , - , - , - , - , - ,  , - i  
1 0  1 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n = 2 6  
0 . 5  ~ . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n = 2 0  
~~r~1

o  . , . ,  , - ,  , I ,  , ,  , - I  
1 0  1 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 3 1  
~lm.'JI_ , _ ,  , _ , 
  
o "  "  1 0 1 1  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1 6  
~~ • . . . . . "  . • . • . . . . . . . . . . • . . .  "  . . . . •  "  . . . . . . . • . . . . . . . "  . . . . •  - - " . ' . . ' . . . . . - - . . . 
  
' ; .  , . , L J , ,-,I L , - - - - - , - - - - , - - ,  
1 0  1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 7  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o + - - . . . . . . . . . . . - - L , - - - , - - J - - , - - I - - - , .  
J ,  , ,  i 
  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 6 8 
  
0 2  
S i t e
" j
1 7  W o o l  S t r e a m  n = 3  
.
, ;
0 4  
I  . 

0 6  
,  ; 
  
1 0  1 1 
  
S i t e  1 9  M o r e t o n  F o r d  n = 4 9  
~lmmmmmmmmmi 
,  . 1 . 1 L I l . . - . _ . I . . . _ ,  
1 0  1 1 
  
r'C20RaiIWaYn~I~11 
I  . - I L I . I  - . ,
1 2  ~ 4 : ; 6  7  ~ 9  1 0  1 1 
  
3 .  L o c u s  S s a  1 9 7 
  
S i t e  I  B e r e  S t r e a m ,  P i d d l e  n =  3 
  
~~~.. . .  
, .  . u L .  
. .
, 

1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 
  
S i t e  3  W e s t  H o l m e  n =  5 
  
: ) 2 5 - .  
0 . 2  
D I S  
0 . 1 
  
0 0 5 
  
1 2  J  4  5  6  7  8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 
  
S i t e  4  G r e y ' s  B r i d g e  n =  1 3 
  
,  2 5 
  
n  
0 . 1 5  
0 . 1  
0 . 0 5  
1  2  3  4  5  6  7  8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 
  
S i t e  5  N o r r i s  F a r m  n =  5 3 
  
'J:~ J  · · · - : · · · · · · · · · · · · · · · · · · · · · · · · 1  
0 2 
  
)  1 5 
  
0 . 1  
0 . 0 5  
o  1
1  
, - ,  , - ,  , I ,  , 1 , 1 , 1 , . , 1 , . , 1 ,  i 
  
1 2  3  4  5  6  7  8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 
  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 6 9  
S i t e  6  L e w e l 1  M i l l  n =  3 5  
}~~m::,.,:.:UL:~m!
 
1 2 3 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  7  E a s t  B u r t o n  n =  2 1  
~~[_m_m~~l_m
 
o •  I  • • • • • •  , • •  i . . .  I  
1  2  3  4  5  6  7  8  9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  8  E a s t  S t o k e  n =  9  
0 . 5  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1  2  3  4  5  6  7  8  9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  9  E S M S  n =  1 4  
o 3 5  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · i i  :
03~ 
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
O.~ , _ ,  , _ , _ , _ ,  , _ , _ , _ , _ ,  i  
1  2  J  4  5  6  7  8  9  1 0  1 1 1 2 1 3 1 4 1 5 1 6 " 1 7 1 8  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 6  
:~~.m.m I .
1 ,  " "  
•
,"Ju~,
1 2  J  - t  5 6  7 8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 9  
0 2 5 - . . 
  
0 2 
  
0 . 1 5 
  
0 1 
  
0 . 0 5  
1 2  3 4  5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  3 1  
0 4 , · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 3  
0 . 2  
0 . 1  
1 2 3  - t  5 6  7 8  £ '  1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 0 
  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1 6  
0 . 3 5  - r • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
o  I · ,  , . ,  , . ,  , . ,  , . , . , . , . , . ,  i  
1 2  3  4  5  6  ,  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 6  
~ 
0 2 5
0 1 5  
. .
" '  L I 1  
.  
OOO~ "  ,  ,  , . ,  , , . ,  , . ,  , , .  
1 2  3  4  5  6  - 8  9 1 0 1 1 1 2 \ 3 1 4 1 5 1 6 1 7 1 8  
S i t e  1 7  W o o l  S t r e a m  n =  3  
0 . 6  
0 . 5  
I I  
0 . 4  
0 . 3  
0 . 2 
  
0 . \ 
  
I  
0  
1  2  3  4  5  6  7  8  9 1 0 1 \ 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  1 9  M o r e t o n  F o r d  n =  4 9  
O . 4 r · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
  
0 . 3  
0 . 2  
0 . 1  
1 2 3 4 5 6 - 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
S i t e  2 0  R a i l w a y  n =  1 6  
0 . 4 - .  
0 . 3  
0 . 2 
  
0 . \ 
  
1 2  3  4  5  6  - 8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
4 .  L o c u s  S s o s l  8 5  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  3
. " j  , 
  
0 4  :
. . I : 
  
0 2  :
. .  :  
o  , , , , , , , , , , , ,  
1 0  1 1  1 2  
S i t e  3  W e s t  H o l m e  n =  3  
~umlmmll
 
.  , , , , , , , , , 1 m : 

9  1 0  1 1  1 2  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 0  
jirmm::mml:,:,I:~:m:J
 
9  1 0  1 1  1 2  
S i t e  5  N o r r i s  F a r m  n =  4 6  
j~rl

.  1 . . 1  .
o  I  • , I • • • I  • •  I I  
9  1 0  1 1  1 2  
S i t e  6  L e w e l l  M i l l  n =  3 6  
0 . 4  T···············~·································iii··· ;  
0 . 3  
0 . 2  
0 . 1  
9  1 0  I I  1 2  
S i t e  7  E a s t  B u r t o n  n =  2 1  
0 . 3 5  , . . • • • . . • . . . . . . . . . . . • . . • • • . . . . . . . . . . . • • • • . . . . . . . . . . . . . . • • . • . . • . • • . . • . • . . . . . . . . . . . . • . . ; 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
o.o~ 1  , _ ,  , _ , _ , _ , _ ,  , _ , _  i  
9  1 0  1 1  1 2  
S i t e  8  E a s t  S t o k e  n =  9  
" j  " " m , m ' m  , ' "
" u J
_mm~ 
0 . 4  
0 . 3  
0 . 2  
o~ , . "  ,  i  
9  1 0  1 1 1 2  
S i t e  9  E S M S  n =  1 3  
~:L·········· 
0 . 2  
0 . 1  
o  
9  1 0  1 1  1 2  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 6  
0 . - · · · · · · · · · · · · · · ·  .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  , - ,  , - , - , - , - ,  , - ,  i  
9  1 0  1 1  1 2  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 2 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  2 0  
o 5  , . • • . • . • • . . . . . • • . . . . . . . . • . . . . . . . . • • . . . . . . . . • • . • . . • . . . . . . . . . . . . . . . . . . . . . . • • . • • • . • • • . . • • : 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
9  1 0  1 1  1 2  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 9  
: :  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 ·  " 1  
:~ • I  - i  
,  
9  1 0  1 1  1 2  
S i t e  1 5  T a d n o l l  W i n f r i t h  n = 1 6  
0 . 3 5  ~. .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  , - ,  , - ,  , - , - ,  , - ,  :  
4  5  6  7  8  9 1 0 1 1 1 2  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 6  
o 4  , . • • • • • • • • • • • • • • . . . • . . . . . . . • • . . . . . . . . . • . . . . . • • • • • • • • • • • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 
  
0 . 3  
0 . 2  
0 . 1  
9  1 0  1 1  1 2  
S i t e  1 7  W o o l  S t r e a m  n =  3  
0 . 8  
0 . 6  
0 . 4  
0 . 2  
9  1 0  1 1  1 2  
S i t e  1 9  M o r e t o n  F o r d  n =  4 1
l l · · ·  
I  
I
.  
• 0
o 1  
o~ •  I  . ,  _  
9  1 0  1 1  1 2  
S i t e  2 0  R a i l w a y  n = 1 8  
0 . 3 5 1 '  • • • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • • • • • • • • • • • • • • • • • • • • • • . • . . . • • . • • . . . . . . • • . • • • • • , 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 0  1 1 1 2  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 3 
  
5 .  L o c u s  S s a  2 8 9 
  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  3 
  
: : 1 .
I  , 
0 '  •  
o  I • ,  j  I  
S i t e  3  W e s t  H o l m e  n =  4  
' l m m m  
u  
~6 .  
~4 
I
U  
o  , ,  
S i t e  4  G r e y ' s  B r i d g e  n =  9  
! I r m m m m m  mLj-~ 
S i t e  5  N o r r i s  F a r m  n =  4 9  
0 . 8 - "  .  
0 . 6  
0 . 4  
0 . 2  
S i t e  6  L e w e l l  M i l l  n =  3 5  
' r m . . . . . . . . . . . . . . . .  .. .  · · . m m  ·. .  ·m·m~m.·.··.·.···m . 
  
0 . 6  
IU
0 . 4  
0 . 2  
o  , , - ,  
S i t e  7  E a s t  B u r t o n  n =  2 0  
: : c · · · · · · · · · · · · · · ·  
0 . 2  
u
o  
•
­
S i t e  8  E a s t  S t o k e  n =  9  
1 1 ) . . . . . . . . . . . . . . . . . . . . . . . . . .  .  m m  m m  . . . . . . . . •  
" •  I . 

o  • ,  I ••  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 4  
S i t e  9  E S M S  n = 1 4  
: : 1  I i. • 

0 . 2  ,
: :  I  • 

0 . 1  ;  
o  i i i  • - i  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 6  
: : r - - ­
1  
0 '  •  I  ·  
o  I  • - I  i - j  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  2 0  
i  
~;j . . . . .  · · · · · · · · · · · ·  _ _  · · · · · · · · · · = - I · · : · · · · = · · · · i  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  3 1  
0 . 6  j  .  
0 . 5  I
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1  ­
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  1 6  
~J •  Im~1
 
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 7  
0 . 6 "  . - . • . .  
0 . 5  
0 . 4 
  
0 3 
  
0 . 2  
0 . 1  
o+-I--~-
S i t e  1 7  W o o l  S t r e a m  n =  3  
~ij 1 - 1 - . 
  
o (  • II •  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 5 
  
S i t e  1 9  M o r e t o n  F o r d  n =  4 9  
1 1  r m m m m m m m m i. .  
.,  . . I  _ , 

o "  "  
S i t e  2 0  R a i l w a y  n =  1 7
. ; ] . . . . . . . . . . . . . . . . . . . . . . . 

0 4  
" '  I
0 2  
o  •  - - ,  I ­ I  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2  
!~1··················mmm····lIm " ,  
0 1  I  
o  " ,  1 0  
S i t e  3  W e s t  H o l m e  n =  4  
0 . 6  ~ . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1 • • •  ;  
1 0  
S i t e  4  G r e y ' s  B r i d g e  n =  9
I i I m m m m m : m m !  
0 ,  , l . . .  ,  
1 0  
S i t e  5  N o r r i s  F a r m  n =  3 8  
0 . 5 - .  
0 . 4  
0 . 3  
0 . 2  
I
0 . 1  
1 0  
S i t e  6  L e w e l l  M i l l  n =  2 1  
0 . 3 5 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . • . • . • . . . • . . . 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 0 5
0 . 1
0 ' - • •  - • •  
1 0  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 6 
  
S i t e  7  E a s t  B u r t o n  n =  1 5  
0 . 6 - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1  - - -
1 0  
S i t e  8  E a s t  S t o k e  n =  3  
m m m I U " l  
S i t e  9  E S M S  n =  1 0  
0 . 3 5  • • • • • • • . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . • • • • • • • • • • • • • • • • . . . . . . . . • • • • • • • • • • • • 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - - - - -
1 0  
i  
S i t e  1 0  W a t e r b a m  S t r e a m  n =  2 3  
0 . 4  ,  • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . , 
  
0 . 3  
0 . 2  
0 . 1  
1 0  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 2  
0 . 4  
0 . 3
: ;
" ' I  
, , , u J .  , ,
1 0  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 7  
1 1 j " "  " "  " " " , "  " , " " " ' "  " . "  " ,  , . "  
. , .  
1  
. . 1 .  
1 0  
'  
0 , " "  ,  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  6  
0 . 3 5  • . .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 ' - - - - -
1 0  
i  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 7  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
o 5  , .  : .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 0  
S i t e  1 7  W o o l  S t r e a m  n =  3  
o  6 .  
0 5  
1  
0 4 
  
0 3 
  
0 2 
  
0 1 • • •  ,
o  I ,  
1 0  
S i t e  1 9  M o r e t o n  F o r d  n =  3 4  
[;~m:[i~,m::ml
 
1 0  
S i t e  2 0  R a i l w a y  n = 1 5  
~lDI

o  - ,  "  , - , - , - , - 1  
1 0  
F i g u r e  7 . 4 . 4 . 4  ( C o n t i n u e d )  
1 7 8 
  
1 .  L o c u s  S s a  2 0 2  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  1  
~~['"'"'".""""'" 
0 . 1  
,  
o  
S i t e  3  W e s t  H o l m e  n =  9  
~11~~--~~--1 _ L  
o  I ,  •  i i  
S i t e  4  G r e y ' s  B r i d g e  n =  9  
[ : c  
-
1  
S i t e  5  N o r r i s  F a r m  n =  2 4  
o~~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 · · ·  
:0 . 3 5  
:  
0 . 3  ~ 
0 . 2 5  :  
0 . 2  :  
:;~ I  _ I i i  
S i t e  6  L e w e l l  M i l l  n =  2 0
: ' . , . . . . . . . . . . . . . . . _  _ - _  : 
  
: ;  I  I .
o "  " L
!  
S i t e  7  E a s t  B u r t o n  n =  8  
:~rllm~
OO~ , , _ , . , _ ,  :  
F i g u r e  7 . 4 . 4 . 5  A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 6  
s i t e s  o n  t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  S e p t e m b e r  1 9 9 9  
1 7 9  
S i t e  8  E a s t  S t o k e  n =  2 1  
" I · · · · · · · · · · · · · · · · · · · · · · · ·  .
I
0 . 3
: :
. 0  
. 1 . . . - . L 
  
S i t e  9  E S M S  n =  1 0  
~~r""'!
 
0 : 1 . . I . _ . L
2  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 0  
O~ ~
::·~r··I·
:~I..IJ
 
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  7  
~~I··I···[J··i

0 1 5  1  
0 1  :  
o.~~ , I  ,  • j  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n = 1 3  
0 . 4  " ' . " . ' . " 0 - ' , "  _ • • • • • • • . • . • . • , • . . . . . • . • • • • . • , • . • , • . • . . , • . .  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o+-I--~-' 
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 0  
~iil"""""""""" _ . . ,  
0~1 . . 1 . _ . 1 
  
S i t e  1 5  T a d n o l l  H e a t h  n =  1 5  
o:~[". . - - . , , - - - - " ' ' ' ' ' ' ' '  ' ' ' '  - - .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 , 0 5  
o  
1  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 0  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 1  
0 . 3  .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
S i t e  1 7  W o o l  S t r e a m  n =  3  
0 . 6  - r  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 9  M o r e t o n  F o r d  n =  1 7  
0 . 4 . , · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o+-I--~ 
2 .  L o c u s  S s a  1 7 1  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2  
~:r::J,m,,~:::::mi
 
1 0  1 1 1 2  
S i t e  3  W e s t  H o l m e  n =  9  
j l u . .  i
.  , ,
o  , ;  . 5  
1 0  1 1 1 2  
S i t e  4  G r e y ' s  B r i d g e  n =  1 0  
0 . 4  ~ - . - .  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1 
  
0 0 5 
  
0 1  , - , - , - , - - - ,  - ,  i  
1 0  1 1 1 2  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 1 
  
S i t e  5  N o r r i s  F a r m  n =  2 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  , - , - , - , - . - , - - ,  i  
1 0  1 1 1 2  
S i t e  6  L e w e l l  M i l l  n =  2 5  
o 3  . ,  . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . • • • • • • • • • • . . • . . . . . . • • . . . . • • . . . . • . • • . . . 
  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . ( 1 5  
1 0  1 1 1 2  
S i t e  7  E a s t  B u r t o n  n =  2 1  
0 . 4  . ,  . . . . . . . . . . . . • • • . . . . . . . . . • . . • • • • • • • • . . • • • • • • • • • • • • . . . • . . . . . . . . . . • . • • • • • • • • • • • • • • • • • . . . . . . . . . . . . 
  
0 . 3 5  
0 . 3  
( 1 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  , - , - , - , - , - ,  i  
1 0  1 1 1 2  
S i t e  8  E a s t  S t o k e  n =  2 3  
0 . 3 5  . . . ,  • • • • • • • • • . . . • . . . . . . . • • • • • • • • . • • • • • • • • • • • • • • • • • . • . • . • . . • • • • • • • • • • • • • • • • • • . • • . . • . . . . . . . . . . • • . • • • 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 0 1 1  1 2  
S i t e  9  E S M S  n =  1 2  
\ 1 . 3  ~"'." . - - . . - - - - . - - - . . . . • • . • . . . • • . . . • . • • • . • . . • • • . . . . . • . . . • . • "  . • . • • . • . . • . .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 0  1 1 1 2  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  9  
0 . 2  
0 . 1 5
. .
" I
"  u l  
.  
' :
0 . 1
1  . .  .  . . 1 . 1  . 1 :  
1 0 1 1  1 2  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  8  
0 . 3 5  ~'" ._~-, 
' } ' 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
oo~iA 
1 0  1 1 1 2
I  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 2 
  
0 . 1  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n = l l  
: : I I - - _
m m  
0 . 3  
0 . 2
" I
o  " . - ,  , - ,  • - ,  ;  
1 0 1 1  1 2  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 3  
~iil!

o o , . L L .  i  
o  I i .  . , . "  
1 0  1 1 1 2  
S i t e  1 5  T a d n o l l  H e a t h  n = 1 7  
~\[~---~l--------------- _ _  ~_-:mm - : m ,  _ _  - !  
o  I . •  I  1 0 1 1  1 2  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 2 0  
0 0  Im~mm_m~­
o .
0 . 3  
0 . 2 5  
I n
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 : 	  , • ,  • , • , • , • , • ;  
1 0  1 1 1 2  
S i t e  1 7  W o o l  S t r e a m  n = 3  
0 , 6  . ,  '---y.~'.~.~ ~ ----~--~._~-.~'.~ ~ .  
0 . 5 
  
0 . " 
  
0 . 3  
0 . 2  
0 . 1  
I  
1 0 1 1  1 2  
S i t e  1 9  M o r e t o n  F o r d  n = 1 7  
o  2 5  T · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 	  .  
0 . 2  
0 . 1 5  
0 1  
0 . 0 5  
1 0 1 1  1 2  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 3 
  
3 .  L o c u s  S s a  1 9 7  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2 
  
~:!.: - : - - - . - - : . -: J 
  
2 3 	 4 5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5 
  
S i t e  3  W e s t  H o l m e  n =  1 4 
  
o 5  , .  . . . . • . • . • • • . . . . . . . . . . . . . . . . . • . • • • . • . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • • • • • . . . . . . . . . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
2 3 	 4 5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5 
  
S i t e  4  G r e y ' s  B r i d g e  n =  1 1 
  
0 . 3  . 	  
.  _ - - _  .  
0 . 2 5  
0 . 2  
0 . 1 5  
o .  ,  
r J J J j
0 . 0 5  
o+--L,--,-~-.,.......~-,-. . . . .  
2  3 	  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 
  
S i t e  5  N o r r i s  F a r m  n =  1 
  
~.lmmmmm1
. . 	  u ; 

u 	 !  
0 . 2  ~
 
0 1  1 
  
o 	  i i i  
2 3 4 5  6 7  8 9 1 0  1 1  1 2  1 3  1 4  1 5 
  
S i t e  6  L e w e 1 1  M i l l  n =  1 9 
  
0 . 3 5  • . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . . . . . . . . • . . . . . . . • . . . . . . • . . . . . . . . . . . . . . • • • .  
0 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - ,  , - ,  , - ,  , - , - , - ,  , - ;  
2 3 	 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4 1 5 
  
S i t e  7  E a s t  B u r t o n  n =  2 7 
  
~~~mm~m._~IJ
 
o  . . , . .  I •I 	 • •  
2  3 	  4  5  6  7  8  9 1 0  1 1 1 2 1 3 1 4 1 5 
  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 4 
  
S i t e  8  E a s t  S t o k e  n =  1 9  
0 . 4 · · · ·  .  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1 - ,  , - ,  , - ,  , - , - , - , - , - ;  
1 2  . 3  4  5  6  7 a  9 1 0  1 1 1 2 1 3 1 4 1 5  
S i t e  9  E S M S  n =  7  
~~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 · · · · · · · · · · · · · · · · · · · · 1  
· , 1  ' 
  
0 :  , 1 , 1 , 1 ,  , I ,  , 1 , 1 ,  i  
1 2  . 3  . 4  5 6 7  a  9  1 0  1 1  1 2 1 3 1 4 1 5  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 0  
:~IHHHH_ H M M - - l  
'~ I ,  
m  
'I'~, 1 , 1 , 1 ,  
1  2  . 3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  7  
. .
0 3  :  
0 2  :
' I '
I I 

0 1  :  
o  I , ,  , , , , . , I , , i  
1 2  ~ . 4  5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  1 5  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1 - , - , - , - , - ,  , - ,  
1 2  3  . 4  5  6  7  8  9  1 0  1 1  1 2 1 3 1 4 1 5  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 2  
0 . 3  " T  • • • • • • • • • • • • • • • • • •  ,  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
I  2  ? - . 4  5  6 7 a 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 5  T a d n o l l  H e a t h  n =  1 4  
0 . 3 . · · · · · · ·  . .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 2  ; ?  . 4  5 6 7  a  9  1 0  1 1  1 2 1 3  1 4 1 5  
F i g u r e  7 . 4 . . J . 5  ( C o n t i n u e d )  
1 8 5  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 8  
0 . 2 5  ,  . . . . . • . . . . . • . . . . • . . . . . . . . . • • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . • . . . 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 2 3 4 5 6 7 8  9 \ 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 7  W o o l  S t r e a m  n =  3  
:~rmmmmLl]]
 
o.~ "  " " "  :  
2  3  4  5  6  7  8  9 1 0 1 1  1 2 1 3 1 4 1 5  
S i t e  1 9  M o r e t o n  F o r d  n =  2 1  
0 . 3
:o~c·········
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
o  
, . I . ,  L J
1 2  3  4 5  
6  7  8  
9 1 0 1 1  1 2 1 3 1 4 1 5  
4 .  L o c u s  S s o s l  8 5  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2  
j~lm"r:~

o  i i i ,  ,  1 0  1 1  
S i t e  3  W e s t  H o l m e  n =  1 4  
0 . 4 5  - "  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5 
  
' J . 1 
  
0 . ( \ 5  
0 1  •  • • • . ;  
1 0  1 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 2  
0 . 3 5  . ,  .  
0 3 
  
0 2 5 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . %  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 6  
S i t e  5  N o r r i s  F a r m  n =  3 3  
0 . 4 5  
0 . 4  
0 . 3 5  
0 . 3  
0 . : 2 5  
0 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  - - - - - 1  
1 0  1 1  
S i t e  6  L e w e l l  M i l l  n =  2 8  
~j I m m m m m i m m m m i  
o  ,  , . , - , - ,  , - , , - ,  , I
1 0  1 1  
S i t e  7  E a s t  B u r t o n  n =  2 7  
0 . 6  
-~.~ '.~ ~.~ , "  . ' . .~'."."".'.~.~ ,.~ . .-.-.~-.~--~'-~'.~"~"~"~"~'.- . .~ ~ 
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o+--~--,""'IL,-~--'-T 
1 0  1 1  
I  
S i t e  8  E a s t  S t o k e  n =  3 2  
0 4 5  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5 
  
0 2 
  
0 . 1 5  
0 . 1  
0 . 0 5  
0  
1
2  3
4
5  6
7  6  
9 1 0
1 1  
S i t e  9  E S M S  n =  1 1  
0 . 3 5  ~ . . . . . . . . . . . . , . . . . . 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5 
  
0 1  j 

0 . 0 5  
I I  I I 
  
J i  
1 0  1 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 1  
0 . 2 5  . ,  • • • • • . • • . . • • • • • • • . • • . . . . . . . • . . • • • • • • . . . . . • • . • • • • . . . • • • • • • • • • • • • • . . . . . . • . . . . • • • . • • . • • . • • • • . . 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
•  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 7 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 1
: : [.  
0 . 4  
0 . 3  
0 . 2 
  
0 . \ 
  
. L , 1  
:
o  
2 3  
9  1 0  1 1  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  2 0  
~·.~Immmmi
 
~ I _  . I  ! 
  
O .  I I i  I I I I , ,  
2 3  
9  1 0  1 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 3  
~~Imm~]
 
o  I • I i  j I ; I  
2 3  
9  1 0  1 1  
S i t e  1 5  T a d n o l l  H e a t h  n =  1 7  
~j I m m m m m m m m m m m m m i  
~ I . I  , 

o  • •  i i i  , i i i  ,I  
7  8  9 1 0 1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 1
; j I m m m m m m m m _ _ m m m  .  
. ,  ,~, , _ , 1 , _ ,  , _ ; 
  
9  1 0  1 1  
S i t e
: : [
1 7  W o o l  S t r e a m  n =  3  
.  
0 . 3  
0 . 2  
0 . 1  
o  
7  8  9 1 0  1 1  
S i t e  1 9  M o r e t o n  F o r d  n =  2  
~J ,~,~]: ; 
  
2  3  
7  8  9  1 0  1 1  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 8  
5 .  L o c u s  S s a  2 8 9  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2
o , [ m  ..........---~- . . , 
  
~j I I  I 
  
o  I i . I  I  
S i t e  3  W e s t  H o l m e  n =  1 7
O f  mmmm·~m_~.~~. 
0 . 6 
  
0 . ' 
  I
0 . 5  
0 . '  
0 . 3  
~.~ I I  _  
o  I  j  t , •  
S i t e  4  G r e y ' s  B r i d g e  n =  1 2
" ' [  ............~ . .~ . 
  
0 . 6 
  
0 . ' 
  I
0 . 5  
0 . '  
.
0 . 3  
~.~ 
o •  I  - iI i  
S i t e  5  N o r r i s  F a r m  n =  2 5  
~~[···············································I· ~ ; 
  
0 1 _  •  _  
S i t e  6  L e w e l l  M i l l  n =  1 7  
. .  I ; 

0 . 6  ~
1 . . ' 

0 . 4  j 
  
0 2 
  j  
O .  I ,  i  
S i t e  7  E a s t  B u r t o n  n =  1 4  
~lmml
 
0 '  •  I  ;
0 . 1  :  
o  , ,  ,  , - :  
S i t e  8  E a s t  S t o k e  n =  3 3  
0 , 6  _ . . . .  . . ,  . . . . . . . . 
  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 8 9  
S i t e  9  E S M S  n =  1 3  
O A 5  - ­
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5 
  
o  + - 1  - , - . . . . J 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 1  
j j i m m m m m  
i  
o  I I I • I
. .  - - I  . 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  9  
i  _ .  
, , . . . . . . . . . . . . m m  . . . . m  m m . . . . . . . m  . .  m 
  
I )  6  l
. .  I · 

0 4  1  
o 2  ~ 
o  • • - I , - j  
S i t e  1 2  M u c k l e f o r d  B r i d g e  n =  1 7  
~ • . 1 I m m m m l m m m i  
~.~ I  I 
  
0 )  , I  • ,  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 3  
0 . "  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
u
o+----~-
S i t e  1 5  T a d n o l l  H e a t h  n =  1  
" I  m  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
. .  I
~i I  . . 
  
o  I I  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 2 0  
, )  4  . . .  ' . .  . - . .~.~ . - . .~ . . ". . >  . ' .  . ' • • . • •  ~ • . • . • . •~ • • • • . • ,._~ . " • •  
0 1 5  
( 0 . : 3  
1 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  + - 1 - - - , - - - J  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 9 0  
S i t e  1 7  W o o l  S t r e a m  n = 3  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 9  M o r e t o n  F o r d  n = 2 l  
~j , . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 

"  _  I . , 

o ,  . ,  j  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  1  B e r e  S t r e a m ,  P i d d l e  n =  2  
~Jmm:mm:l. . u 
  
S i t e  3  W e s t  H o l m e  n =  1 0  
0 . 5  . . · , · - ·  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 0  
0 . 6  .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  5  N o r r i s  F a r m  n =  2 4  
0 . 6  
0 . 5 
  
0 . " 
  
0 . 3  
0 . 2 
  
0 1 
  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 9 1 
  
0 . 1  
S i t e  6  L e w e l l  M i l l  n =  2 3  
0 . 4 5 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . • . . . 
  
0 4 
  
0 3 5 
  
0 . 3  
0 . 2 5 
  
0 2 
  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  7  E a s t  B u r t o n  n =  2 7  
! iI~ml~mm:m]
 
o  , , , ,  , L  , ,  
S i t e  8  E a s t  S t o k e  n =  2 1  
0 . 5  . . · - ·  
0 . 4  
0 . 3  
0 2  
S i t e  9  E S M S  n =  1 0  
o~~ · · · · · · · · · · · · · · · · · · · · I · · · · · · · · · · · · · · · · · · · ·
j  
O~ 1 
  
Q 3  ! 
  
Q~ ! 
  
Q 2  1 
  
0 1 5  ! 

.~ .  . . I  • 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  8  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2 
  
0 1 5 
  
0 . 1  
0 . 0 5  
o  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  9  
0 . 4 5  T · · · · ·  .  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5 
  
0 2 
  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  1 2  M u c k 1 e f o r d  B r i d g e  n = 1 1  
;~ I"~""" m  m m j  
. , , L L  , 
  
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 9 2  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  8  
o .  
o .  
o .  
o .  
S i t e  1 5  T a d n o l l  H e a t h  n = 1 0  
~~~mmmm::
 
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 1 9  
0 . 4 5  _  . • . • . •  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  1 7  W o o l  S t r e a m  n = 2  
~Imlmmlml
 
S i t e  1 9  M o r e t o n  F o r d  n = 1 6  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  ­
F i g u r e  7 . 4 . 4 . 5  ( C o n t i n u e d )  
1 9 3 
  
1761
 
1 .  L o c u s  S s a  2 0 2  
S i t e  1  B e r e  S t r e a m  n =  1 3  
0 3 5  ,  . . . . . • . . . . • . . • • . • . . . • . . . • . . . . • • . • • • . • • • . . . • . . . . • . • • • • • • • . . • • • • • • • • • • • • • • • • • • • • . • . . . • • • • . • • •  
0 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o+-I-_~....J 
S i t e  3  W e s t  H o l m e  n =  1 7
1  
0 . 3  !
: : [ 1
: ;  , 1 , ­ , - , L  
S i t e  4  G r e y ' s  B r i d g e  n =  2 3  
: ; 1 1 · · · · · · · · ·  ~ ~... '. .
' ; :  I  I [ 

oo~ , , ,  , • . ;  
S i t e  5  N o r r i s  F a r m  n =  1 9  
O . 3 S  _  . .  
0 . 3 
  
' l 2 5 
  
0 . 2  
L I J
0 . 1 5  
0 . 1  
0 . 1 5  
o+-I--~ 
S i t e  6  L e w e l l  M i l l  n =  2 6  
; : [  ~ m · · · · · · · · · · l m . .~. L  
•  , • • I I  
S i t e  7  E a s t  B u r t o n  n =  2 5  
i l m m m m m m  
,  , I _ L , - ; 
  
F i g u r e  7 . 4 . 4 . 6  A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 6  s i t e s  o n  
t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  J u l y  2 0 0 0  
1 9 5 
  
S i t e  8  E a s t  S t o k e  n =  1 8  
j 1 1 i i 

0 . 1  _ _  _ _  i  
o  I I • •  ,  
S i t e  9  E S M S  n =  3 0
O~ ~
: g l l i i
I I J
. 

o:~; 
0 . 0 5  _ :  
o ,  I •  , •  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 3  
o 5  ,  . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . • . . • • • . . • . . • . . . . . . • • • • • • • . . . . . . . . . . . . . . . . . . . • • . . • . . . . . . . . . , 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 9  
" 4  1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 . 3 5  
1 ) . 3  
0 . 2 5 
  
' ) . 2 
  
0 . 1 5  
0 . 1 
  
' ) . 0 5 
  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n = 2 9  
~lmmmmmmmmi
" ;  , I ,  , I , . L 
  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  7  
. )  - l  . . . . - . •  - • • • •  v . ' , " , , , , , , , ,  _ .  • • •  ~ _ • • • _ .  • _ .  _.~ • •  _ • • •  ' , "  ' , " _ , ' , ' , " _ '  •  ' , ' , "  ~'_'_"~' v  ' , ' , - , - , ' , ' , - ' ­
r . . .  ) 5 .  
r . . . , : )  
' - ' . 2 5 
  
: : ' · 2 
  
~. 1  
( .  ' ) 5  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n = 2 7  
iJm:l:mmmlm=~
 
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
1 9 6 
  
S i t e  1 7  W o o l  S t r e a m  n =  2 7  
: l j l
s  
·. .
. ' .  I 
  
S i t e  1 9  M o r e t o n  F o r d  n =  2 9  
0 . 5  ]  . . . . . • • . • . . . . . . . . . . . • • • • • . . • • . . . . . . . . "  • • "  • • • • • . • • • • • • • • • • • • • • • • • " " • • • • . . . • " " • • • • • " " • . • , 
  
0 . 4  • ;  
0 . : 3  
0 . 2  
0 . 1  
2 .  L o c u s  S s a  1 7 1  
S i t e  1  B e r e  S t r e a m  n =  1 4  
~J--~-~-f. I  · 
  
o  • ,  I  • •  I ,  I  
4 5  6 7 8 9 1 0 ' 1  
S i t e  3  W e s t  H o l m e  n =  1 7  
( ' . 4  
0 . 3 5  
( 1 . 3  
0 . 2 5 
  
0 2 
  
0 . 1 5  
< J . t  
0 . 0 5  
, _ , I , I , I , - l
O+--~-~-'-r---'--r---'-T 
2 3 4 5  
9 1 0 1 1  
S i t e  4  G r e y ' s  B r i d g e  n =  2 5
i ) ! · · · · · · ·  i  
.  .• . . . 1. • . -. • . 1 . - . • .  ,  
9  1 0  1 1  
S i t e  5  N o r r i s  F a r m  n =  2 0  
]~lmmm·······1··~····~···,·_···m ~:
 
' J  , i "  I  • •  
9  1 0  , .  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
1 9 7 
  
S i t e  6  L e w e l l  M i l l  n =  3 0  
;:I~:~,J,::,~:m:,~:
 
9  1 0 
  1 1 
  
S i t e  7  E a s t  B u r t o n  n =  2 7 
  
0 . 3 5  'v~·_~ ----~• . • _ . _  '~'_~'_'_'_'_'_~'_"","'_"'" • • • • • • • •  _ - _  • • • . • • • • . •  " ' - ' - . ' - , - - - - - . - ­
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  .j--~--~l...,.-L"l,-IL,--.-IL...L. 
9  1 0  1 1 
  
S i t e  8  E a s t  S t o k e  n = 2 4  
0 . 3 5  '.'.~'.~ -~'-'-'-~ ". . ' .  -~ -~--~ _.--~--~ -~ _• . • . • . ' . . ' . . -. . • . • . • . ' . . -. .y-~ -~. . - .  " ' • • • ' • • • • • • • • • • • • ' . - • • - . ' .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
4  5  
9 1 0  1 1 
  
S i t e  9  E S M S  n =  3 1 
  
:~11
.~
 , . , . J J , . ,  , I ,  
9  1 0  1 1 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 2 
  
~:r:I:~:~:,m:]
 
9  1 0  1 1 
  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 9 
  
;)lm1m~~~mmmJ
 
o - "  I 1 01 ,  9 
  1 1 
  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
1 9 8 
  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 9  
~~lmmJJmmmmmmi
 
OO~	 I ,  ,  ,  :  _ , . ,  , •  , _ ,  
1 0  1 1  
S i t e  1 5  T a d n o l l  H e a t h  n =  7  
; : r · · · : m . . , J ] : . .~~~:mm:m . . . . :~m , 
  
1 0  1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 9  
0 2 	  .  
0 2 5 
  
0 2 
  
o  1 $  
0 . 1 
  
0 0 5 
  
0 1  , - • •  - - , - , ­
1 0  1 1  
S i t e  1 7  W o o l  S t r e a m  n =  2 8  
i~rmmmm;
 
,  , L . .  - t 
  
1 0  1 1  
S i t e  1 9  M o r e t o n  F o r d  n =  3 0  
0 . 3 5  - r  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - - - - - - - - i
1 0  1 1  
3 .  L o c u s  S s a  1 9 7  
S i t e  1  B e r e  S t r e a m  n =  1 4  
0 3 5 	  .  
0 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 0 5  •  I  I •  I I  
o  I I  , , , ,  , , , , ,  
1  Z  3  4  5  6  7  8  9  1 0 I I 1 2 1 3 1 4 1 5 1 6 1 7  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
1 9 9 
  
0 . 1  
S i t e  3  W e s t  H o l m e  n =  1 8  
0 . 3 5  - . . . . • . . . . .~ . . . . .~ . . . . .~.. . . . "  • . • . . . . " . " . . . " " " . " . " • . . . . . . . . . . . . • . . . . "  . . • . . . • . " " . . • . . . 
  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - ,  , - , - , - "  , - , - , - , - , - ,  j  
1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  4  G r e y ' s  B r i d g e  n =  2 5  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
2  3  4  5  6  7  8  9  1 0 1 1  1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  5  N o r r i s  F a r m  n =  2 0  
0 . 3  
0 . 2 5 
  
0 2 
  
0 . 1 5  
0 . 1  
0 . 0 5  
,  2  3  4  5  6  7  8  9 1 0 "  1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  6  L e w e l l  M i l l  n =  2 9  
0 . 2  - r  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
( U 5  
0 . 1  
0 . ' : , 5  
1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  7  E a s t  B u r t o n  n =  3 0  
' ) , 3  _  . • . . . • . • . • . . • • • • • • • • • - • • • . . . . • . . • • • • • • • • • • • • • • • • . . . . . . . • • • • • • • • • . . . . • . • • • • • • • • . . . . . . . . . • • . • • • 
  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  8  E a s t  S t o k e  n =  2 6  
::~u
0 . 1 5
. ,  1
0 . 1  
0 . 0 5  •  • .  
o  i  " I  I I  I  
1  
2  3  4  5  6  7  8  9  1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 0 
  
0 . 1  
S i t e  9  E S M S  n =  3 0  
0 . 2 5  .  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1  2  3  4  5  6  a  9 1 0 l ' 1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 8  
: : c · · · · ·0 . 3  
0 . 2  
o  
,  2  3  4  5  6  - ;  8  9 1 0  1 1 1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  2 9  
o.~ - r 0 "  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
e n  
0 '  
o  1 5  
o 1  
D O S  
1 2  ~ 4  ~ ~ e ! i  1 0  1 1 . 2  ~: ' J  1 5 1 6 1 7  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  3 1  
0 . 4 5  ,  • • • • • • • • . . • • . . . . . • . . . . . . . . . . . . • • • . . . • . • . . . . . . . . . . . . . . . • • • . . . . . . . • . . . . • • • • • • . • . • • . • • • • • • . . . 
  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
o.o~ I . ,  , •  , .  . , . , . , . , . ,  
1  2  3  4  5  6  . ;  9  1 0  1 1  1 2 1 3 1 4 1 5 1 6 1 7  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  7
: i l - · · · · · ·  J  
. ; :  ,  , I I I  , I  ,  
2  : )  - l  
: ' l  I . : .  , 1  ~ ~ •  ~ I . :  ' 7  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 9  
0 4 5  , . • • • • • .  
0 . 4  
o  J~. 
o  . ? ' . 
  
0 , , 5 
  
0 '  
0 1 : .  
0 . 1  
o  O S 
  
D  I - • _ . . •  •  • 
  
2 ?  J  1 : :  . •  
' !  '~. 1 5  I I.  - I  
S i t e  1 7  W o o l  S t r e a m  n =  2 8  
, ' . :  ~ .  
, '
' ; ;  d
) 1 ' ­
v v
, 1
, . •  •  •  I  . '  
1  ' 2  : , .  J  
1 ' ) • •  
' ' : ;  1 ?  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 1 
  
S i t e  1 9  M o r e t o n  F o r d  n =  2 9  
0 2 5  :  
0 2  :  
o 1 5  ~
' I
"  J . J
0 1  
i
:  
0 0 :  , . ,  , , , , , , ,  , . ,  ,  
1 2  3 4 5 6 7  a  9  1 0  1 1  1 2  1 3 1 4  1 5  1 6  1 7  
4 .  L o c u s  S s o s l  8 5  
S i t e  1  B e r e  S t r e a m  n =  1 3  
: : 1 · · · · · · · · · · 1 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1  
o s  ~ 
' J  "  ~ 
:~ I  . .  i
0 1  _  • " , ;  
Q •  i  •  I  I  I ' ) I I 1 2  
S i t e  3  W e s t  H o l m e  n =  1 2  
0 . 4 5  • . • • . • • • • • • • • . • • • • • • • • • • • • • • • • • • . . . . • . . . • • • • • • . . . • . • • . . . . • • • • • • • • • . • . . . . . . . . . • . . • • • • • • • . • • . . • • • 
  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o-l--.-...,..--L,--.,...IL,.-...,..--.---~-.-~--L,---i 
t o  1 1 1 2  
S i t e  4  G r e y ' s  B r i d g e  n =  2 2  
( .  ~
" ' c . ·
(,.~. 
( , 4  
( ' 3  
. )  2  
( ' 1  
- -  
. •  , L . . 

( ,  
H '  
S i t e  5  N o r r i s  F a r m  n =  1 9
: : j  . .  
~ 
o ·  
I  
,
I  
• ,  
. 
  
1 0  1 1 1 2  
S i t e  6  L e w e l l  M i l l  n =  2 8  
: :
: r  
I  
. .
I  
. :
· 
  
"  
,  I I •  •  
S i t e  7  E a s t  B u r t o n  n =  2 9  
~~rmml
 
' , :  , L I  . , 1 .  , 

I ' )  I I  1 2  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 2  
S i t e  8  E a s t  S t o k e  n = 1 8  
::.~ r m m m I D . . .  
o  1 5  :  
0 . 1  : ­
o.o~ , ,  I ,  , • ,  ,  ,  ,  "  ~ 
1 0  1 1  1 2  
S i t e  9  E S M S  n =  2 9  
~lmmmmmmmmm, 
. .  _ . 1 . •  1  . U 
  
1 0 1 1  1 2  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  2 3  
~j I m m m m m m m .  
.,  •  I I  , 

o  ,  , , - ,  , , - ,  ,  , , - ,  ;  
1 0  1 1 1 2  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  2 3  
0 . '  
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o+--~~~_-~-
1 0  1 1 1 2  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 6  
0 . 4  
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1 - ,  - ,  , - ,  - , - ,  , - , - I  
1 0  1 1 1 2  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  2  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 0  1 1 1 2  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 9  
0 . 4 5  _  . • . • . . • • • • • • • • • • • • • . • . • • • • . • • • • • • . . . . . . . . . . . • . . . . . . . . . . . • . • • . . . . . . . . . . . • • . • • • • • . . • . • . • . . • • • • • 
  
0 . 4  
0 . 3 5  
0 . 3 
  
0 , 2 5 
  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  - ,  , - ,  , - , - , - ,  - ,  
1 0  1 1 1 2  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 3 
  
S i t e  1 7  W o o l  S t r e a m  n =  2 4  
: : ,  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 •  
0 . 2  ;
,  J  I  ' 
  
0 . 1  ~ 
-
o ,  i i ,  I  ,  • I i i
.  
1 2 : ) 4 5 6  7 8 9 1 0 1 1 1 2  
S i t e  1 9  M o r e t o n  F o r d  n =  1 6  
. "  . .~._--~_ . .  ~~---
0 . 5
. . .  I
0 . 4  
0 . 3  .  
0 . 2  
I . .  :0 1
o  • ,  j  •  •  • I I I , , I  
1 2 : ) 4 5 6  7 8 9 1 0 1 1 1 2  
5 .  L o c u s  S s a  2 8 9  
S i t e  1  B e r e  S t r e a m  n = l O  
~~I--~~---I . 
  
o •  • ,I •  
S i t e  3  W e s t  H o l m e  n =  5  
0 7 
  
0 6 

' r
. ,  I I I
0 5 
  
0 4 
  
0 3  .  
0 2  
o~ _ _  1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 2
" , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
  
0 6
.:  I
0 4  
0 2  :  
o  I :  
S i t e  5  N o r r i s  F a r m  n =  1 0  
m  
! i l - - - I I I  . 
  
o  i i ' i  •  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 4 
  
S i t e  6  L e w e l l  M i l l  n =  2 4  
0 7  :  
0 6  :  
O S  :  
0 4  .  
0 3  .
: l l
0 2  :  
o~ ,  •  , ;  
S i t e  7  E a s t  B u r t o n  n =  2 9  
~~I'" . . . . . . .  . . . . .  · · · · · . . · · · · · . . ·· · · . . · · · · . . . . · · · · · · · · · . . . . · · · · · · 
. . . . · · · · 1 · · · ·
0  
~ _  ,  . - - - , - , - - - " . . . - - - " ,  
S i t e  8  E a s t  S t o k e  n =  2 3  
0 . 5  -. . . . . . . • - . ' .  .  ~ ~ .~ . . ' .  .'.~ , - . .~.~ . - ,  . " .  , , " . - .  . . . . • . . y . - .  . -'---~ " . - . ' . " . "  ~-.~-.~.~ . " . 
  
0 . 4  
0 . 3  
0 2  
0 . 1  
S i t e  9  E S M S  n =  2 9  
1 1 1 ! 

. .  . I  · 
  
o - - ,  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 2  
: · I m m m m m m '. • . . . . •
: :  I I  !  
0 . 1  :  
o  I ,  •  • i  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  S  
~:] = :  
0 . 7 
  
0 . • 
  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o  - 1 - 1  ~_ _~ ~....J 
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 S 
  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 2  
!11~~-~---------~----
. . .  _ .  1 ­
o . ,  •  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  7  
i : r m m m m E m l 
  
( ,  - - - - - - - - ;  
1 2  ~ 4 5  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 5  
0 . 7  - r  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 6  
0 . 5  
0 . 4  
O.~l 
0 . 2  
0 . 1  
o I  ­
S i t e  1 7  W o o l  S t r e a m  n =  2 6  
: 1 1 1 ' 

~. ~ 
~ - - i  
S i t e  1 9  M o r e t o n  F o r d  n =  2 3  
H j0 4  :  
0 3  :  
0 2  :  
o~ _  _ _  ~ 
"  I ' 
  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  1 B e r e  S t r e a m  n =  1 4  
> ' 1 _ _ _ _ . _ _  m  _ _  . .m~_m'
~
:  
I
I  I  
u
u  
u  
o •  •  • , ii I  
S i t e  3  W e s t  H o l m e  n =  1 4  
0 . 6  . " . . ". .~'.~ . ' . . ' . .~'.~ ". . ". . ". .~ . " . .~ . '  ". .~ ". . '  ". .~ ". . ". ._.~ . . ". . -. . _ .~-._ . - . .~'._", " . ' o " • •~ . ' . " • •~.~ .~' • • •  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 6 
  
S i t e  4  G r e y ' s  B r i d g e  n =  1 9  
,:~~mmmmj . • . • . •  
0 . 1 5  ; "  
0 . 1  ;  
~ I  I 

~ _ .  j  
I ) . , "  i  
S i t e  5  N o r r i s  F a r m  n =  1 9  
;~~ .  
i )  • I i . I  I
U -
S i t e  6  L e w e l l  M i l l  n =  2 3  
0 , 4  ~-~.~- .~-~ 
0 . 3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  7  E a s t  B u r t o n  n =  1 6  
0 . 6  • • • • . . • • • , • • • • • • . • . . . • . • . • • • • • • • • • . • • • . . . . . . • • • . • • • . . . • . • • • . . . . . . • • • • • • • . . • • • . • . • • • • • • • . . . . . .  
0 . 5  
0 . 4  
( ' . 3  
· J . 2  
· j . 1  
o  
S i t e  8  E a s t  S t o k e  n = 1 3  
' ) . 4 0 : .  - r • • • . • • • • • • - • • . • • • • • • • • • . • • • • . • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • •  : .  
' ) . 4  
o J , 3 5  
' ) . . 3 
  
' ) . 2 5 
  
' ) . 2 
  
' ) . 1 5 
  
' J . l 
  
' ) . ' ) 5 
  
. j  
S i t e  9  E S M S  n =  1 6  
0. 4 5 [ .
0 . 4  
3 5  
0 . 3  
0 . 2 5  
0 . 2  
0 1 5  
0 . 1  
0 . 0 5  
o  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 7 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  9  
°o~i·················································· . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . :  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 2  
j j r m m m l  . . ·  
i  
~:~ . !  
o  • •  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 1  
0 . 3 5  " T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  1 5  T a d n o l l  W i n f r i t h  n =  2  
1 . 2  .  
1  
0 . '  
0 . •  
0 . 4  
0 . 2  
o+---~--~---~ 
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  2 4  
;J~,::lm::~m~
 
S i t e  1 7  W o o l  S t r e a m  n =  1 6  
· : · ' 1 · · · · · · · · · · · · · · · · ·  
:
r ]1 . ­
, . ,  
. : . ,  : 
  
' : ' . '  : 
  
. : ,  .
: :  ~~---,---.-~=-
S i t e  1 9  M o r e t o n  F o r d  n =  1 6  
. ) . 4  . , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • •  
' > " 3 5  
. ) . )  
· ) . h 
  
. ) ; t 
  
' } . 1 5  
0 , 1  
0 . 0 5  
F i g u r e  7 . 4 . 4 . 6  ( C o n t i n u e d )  
2 0 8  
1 .  L o c u s  S s a  2 0 2  
S i t e  1  B e r e  S t r e a m  n =  2 9  
0 . 4  . ,  " - , ,  . ~._~._~._~._.,. ~-. . , - .  -~--' - - . - • . . . . ,  ,. . - , . , . . • . , . , . , . , . • -. • . , _ . . . . . . .  . . ' , ' , ' . " . ' " . " , ' , " - ; 
  
0 . 3  
0 . 2  
0 . 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 9  
: : : J  =  j  
0 . 3  
0 . 2  
0 . 1  
S i t e  5  N o r r i s  F a r m  n =  1 4  
~~rmmmmmm;.
" I  I
o - 1 - '  
I I J
; .i i i  
S i t e  6  L e w e l l  M i l l  n =  2 9  
: : r m m m m m m 1 .
' ;  , I , . , I ,. ,L 
  
S i t e  7  E a s t  B u r t o n  n =  2 4  
: :  ] . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 
  
0 . 2  
0 . 1  
S i t e  8  E a s t  S t o k e  n = 2 2  
~lmimmmm. . .  
0 ;  ,  I  , _ ,  , •  , l J  
S i t e  9  E S M S  n =  1 3  
: : r  .
: :  I  I  
m m  
I J  
o  I  I - I  I  - I  .  
F i g u r e  7 . 4 . 4 . 7  A l l e l e  f r e q u e n c i e s  a t  6  m i c r o s a t e l l i t e  l o c i ,  f r o m  S .  s a l a r  s a m p l e d  a t  1 4  
s i t e s  o n  t h e  R i v e r s  P i d d l e  a n d  F r o m e ,  O c t o b e r  2 0 0 0  
2 0 9  
- -
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 3
. ' j  .~ 
0 . 4  
0 . 3  
"  I
~.~ I  _ • 
  
o  , , , , ,  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  9  
.
~:. .
,
I~···~· 
l J
' _ . ' . 
  
0 . 3  
0 . 2 
  
o~ , _ ,  , • , 
  
S i t e  1 2  M u c k e 1 f o r d  B r i d g e  n =  2 8
" 1  . " , 

0 . 6  
0 . 5  
0 . 4  
0 . 3
: ;  , . ,  , I , . , . 
  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 2  
0 . 5  .  - - - - - - - - - . .  
0 . 4  
0 . 3  
0 . 2  
0 . 1
0 + - - - - , . . -
~ 
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
: : 1
0 . 2
. .  I  I
0 . 1  •  '  
o •  i rI  I I  
S i t e  1 7  W o o l  S t r e a m  n = 1 3  
j~rlj
 
O  I I ,  I •  
L  
S i t e  1 9  M o r e t o n  F o r d  n = 2 0  
0 5 , · ·  .  
0 . 4  
0 . 3 
  
0 2 
  
0 . 1  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 0 
  
2 .  L o c u s  S s a  1 7 1  
S i t e  1  B e r e  S t r e a m  n =  2 7 
  
" ' r. - - - " . _ - ­
0 5 
  
0 4 
  
0 3 
  
" "  J  
, - ,~~ , , - , - ,  
1 0  1 1 
  
S i t e  4  G r e y ' s  B r i d g e  n =  1 8 
  
0 . 4  " T • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1 
  
S i t e  5  N o r r i s  F a r m  n =  1 2 
  
0 4 
  
0 3 
  
" '  J
0 2
" " r
o~ , . ,  , 1 , _ ,  , _ ,  ,  , 
  
1 0  1 1 
  
S i t e  6  L e w e l l  M i l l  n =  2 3 
  
o 3 5  r · · · · · · · · · · · · · · · · · · · · · · · · : : . . ; · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  .  
0 3  
O~ 
0 2  
0 . 1 5  
0 . 1  
~I - , - , - , - , - ,  - i  
1 0  1 1 
  
S i t e  7  E a s t  B u r t o n  n =  2 8 
  
: : r - - - ­
" 'o  , _ ,  i l l , I " " ,  ,I 
  
1 0  1 1 
  
S i t e  8  E a s t  S t o k e  n = 2 6  
~i j . - - ,~............- .~. i 
  
" , . , . 1 ,  , , , ' "  " 
  
S i t e  9  E S M S  n =  1 7 
  
i~r~Jt:-,~ 
o  I I  I  1 0  1 1 
  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 1 
  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 5  
0 . 3 5  - . - . . - . ­ - . - . . ­ - ~.~~ '  - . - . - . ­ .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1  . , . , . , . ,  , . ,  i  
1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 2  
~~r;L~--.H " H : " : 
  
o  , . ,  " "  
1 0  1 1  
S i t e  1 2  M u c k e l f o r d  B r i d g e  n =  2 8  
U  
0 4
~.
" 1  
, _ , _ , 1 , _ ,  , I ,  
1 0  1 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 3
0 . 4
: r - G - - - - ­
0 . 3  
0 . 2  
0 . 1  _ I  i  
. : :  
o  I - I - I  I  I  1 0  1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
0 . 4  - "  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1  
S i t e  1 7  W o o l  S t r e a m  n = l l  
i j  l··············il~:~m---mm-----.--.------. . . . . . . . . . . . . . . . . . . . . . . . . . • 
  
1 0  1 1  
S i t e  1 9  M o r e t o n  F o r d  n = 2 5  
0 . 2
: : r T L 

0 1  •  
0 · , · ,  " "  1 0  1 1
• - - I  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 2 
  
3 .  L o c u s  S s a  1 9 7  
S i t e  1  B e r e  S t r e a m  n =  2 7  
0 . 4 · · · · · · · " " , , · · · · · · · · , , · · , , · · , , · · · · · · · · · · · · · · · · ·  - - . . . • . . . .  
0 3  
0 . 2  
0 . 1  
1 2 3 4 5  6 7  6 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  4  G r e y ' s  B r i d g e  n =  1 9  
0 . 2 5  r · · " · · " · · · · · · · · · , , · · · · · · · · · . . · · · · · · · · · · · . . , , " " , , · · · · · · · · · · ·  "  " .  
0 . 2  
0 . 1 5  
0 . 1  
-
•
0 . 0 5  
. 1  
1  2  3  4  5  6  7  6  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  5  N o r r i s  F a r m  n =  1 4  
0 . 3 ,  "  .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5
0 1 . ,  , . ,  , . , . , . , . , . , . 1  
1 2  3 4  5 6  7  6 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  6  L e w e l l  M i l l  n =  2 8  
0 2 5  r . . · " ·  " . . ·  ·. . ·. . ·  ·  "  . .  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
1 2  3  4  5  6  7  6  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  7  E a s t  B u r t o n  n =  3 1  
0 3 5 T · ·  ·  . 
  
0 3 
  
0 2 5 
  
0 2 
  
0 . 1 5 
  
0 1 
  
O~I_, , . ,  , . ,  , _ , _ , - , . ,  , - i  
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  8  E a s t  S t o k e  n = 2 7  
. .~ .  
0 2 5 
  
0 2 

. .  I t . t 

0 1 5
0 1  .  
OO~ ,  ,  ,  ,  , _ , I ,  , , . , . ,  :  
1 2  3  4  5  6  7  6  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  9  E S M S  n =  1 6  
: : r · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
  
. .  ~
 
: : . ,  , , , , . , 1 ,  , , , _ .  .  
1 2 3 4 5 6 7 8 9 1 0  1 1 1 2 1 3 1 4 1 5  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 3  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 5  
:~~~-- [ J 
  
o~ , . ,  . . "  I ,  . . ,  :  
1  2  3  4  5  6  7  8  9  1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  9  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
I
0 . 0 5  
1 2 3 4 5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 2  M u c k e l f o r d  B r i d g e  n =  3 0  
0 . 3  _  . . .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 ' 1 , 1 ,  , 1 , 1 , 1 , 1 ,  , I i  
1  2  3  4  5  6  7  8  9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 4  
n~-~~~- .~ ~~I. . . .  
•  1 , _ ,  , . ,  , I "  ,.,.,~ 
1 2  3 4  5 6 7  8 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
o. .  '~ 
0 3  ;
. ,  
I :
t h 

U ;  
0 . 1  
o  i  , i I  
1 2 3 4 5 6 7 8 9 1 0  1 1 1 2 1 3 1 4 1 5  
S i t e  1 7  W o o l  S t r e a m  n =  1 2  
~ ~:::~,,~:~,~::~,JJ
 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
S i t e  1 9  M o r e t o n  F o r d  n =  3 1  
0 . 3 
  
0 . 2 5 
  
0 2 
  
0 1 5 
  
0 1 
  
0 0 5 
  
o i l ,  , I ,  , 1 , 1 , . , 1 , 1 , 1 :  
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 4 
  
4 .  L o c u s  S s o s l  8 5  
S i t e  1  B e r e  S t r e a m  n =  2 7
" 'jm_mmm~_mm 
U
0 . 2  
" '  L  
I 

0 . 1  
o  , "  , . ,  , , ,  i  
1 0  1 1  
S i t e  4  G r e y ' s  B r i d g e  n =  2 0  
0 . 5  • . . . . . . . . . . . . . • • • • • . • • • . • . . . . . . . . . . . . . . • . . . . . . . . . . . . • . • . . . . . • . . • • . . . . . • . . . . . • . . . . . . . . . • 
  
M .  
U  
0 2  
0 1  
1 0  1 1  
S i t e  5  N o r r i s  F a r m  n =  1 4  
0 . 5  • . . . . . . . . . . . . • . . . • • • • • • • . . . . . • . . . . . . . • . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • • . • . . . . • . . .  
0 4  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1  
S i t e  6  L e w e l l  M i l l  n =  2 8  
~J:,~,~:mm~],::":~:
 
S i t e  7  E a s t  B u r t o n  n =  3 1  
0 . 5  - r  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
1 0  1 1  
S i t e  8  E a s t  S t o k e  n =  2 7  
~jj"" :  ,~m :~]:mmmm:~ , 
  
1 0  1 1  
S i t e  9  E S M S  n =  1 7  
0 2 5  :
"·~j··········································II················1

0 2  :  
0 1 5  :  
0 1  
oO~ ,  I  ,  , •  "  
,  ,  
1 0  
,  
1 1  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 5  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 4  
0 . 6  
0 . 5  
0 . '  
0 . 3  
0 . 2  
0 . 1  
o - I - - . , . - . . . . . - - r - - . . - - . , .  
L  
1 0  1 1  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 2  
g c · · · · · · · · · · · · · ·
0 . 3  
0 . 2  
0 . 1  
_ _  . 1 - _
o  
I ,  • i  I I , I  
1  9 1 0 1 1  
S i t e  1 2  M u c k e 1 f o r d  B r i d g e  n =  3 0  
1 1 ] m m m  
u  I
0 . 1 • •  _  _  • •  
o "  I  ,  j  I I i , I  
9  1 0  1 1  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 4  
0 . 3  _ . .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
0 1  , - , - ,  - , - ,  , - :  
9  1 0  1 1  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
0 . '
: : 1  
~ . .
I  
.  
,  ,  i I
o  i  I I , I I I  9  1 0  1 1  
S i t e  1 7  W o o l  S t r e a m  n =  1 2  
~: r::IJ:~,I,:m:m: 
1 0  1 1  
S i t e  1 9  M o r e t o n  F o r d  n =  3 1  
0 . 4 , · · · · · · · · · ·  .  
0 . 3  
0 . 2  
o .  ,  
1 0  1 1  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 6 
  
s .  L o c u s  S s a  2 8 9  
S i t e  1  B e r e  S t r e a m  n =  2 7  
" " r m m m m m m m  . . . . . m u
" "  I
: :  I  : 
  
o  , , , , ,  
S i t e  4  G r e y ' s  B r i d g e  n =  9  
: : 1  
i
m i. • . .  
0 . '  •  I
o  , , , , ,  
S i t e  5  N o r r i s  F a r m  n =  9  
i j j m m m m m m m m m  
i
" '  .  L I  . 

o "  "  
S i t e  6  L e w e l l  M i l l  n =  2 6
: : j  . 
  
" '  •  - 1  
o  ,  ,  ,  - - - , - , - - - ;  
S i t e  7  E a s t  B u r t o n  n =  3 0  
! ! r
" ;  -
m m m
• •  1 _ .
I i  I  I •  
S i t e  8  E a s t  S t o k e  n =  2 5  
H m m m m m
"  , . , _ , 1 , ­
S i t e  9  E S M S  n =  1 7  
q m m m
" '  . I
o  , , , , ,  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 7  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  1 5
l  ~~.-
0 . 8  
0 . 6
: :  _ _  I ; 
  
o 4  
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  7  
·l····~
0 4  
u  1
U  • _ ,  
o  I I , I I  
S i t e  1 2  M u c k e l f o r d  B r i d g e  n = 2 8  
~~r . .  ~~J 
o  - - ,  i  - ­
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  2 3  
~~ 1~~~~~~~~~~~1---' . .  
~.~ I  _ (
o ,  i  I I I  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 5  
0 . 6  _ . .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1  ­
S i t e  1 7  W o o l  S t r e a m  n =  1 1
" ' r · · · · · · · · · ·  . 
  
0 4
: :  1
H  I _ 
  
o  I I ,  •  ,  
S i t e  1 9  M o r e t o n  F o r d  n =  2 9  
~·~r·~······· 
0 . 2  
0 . 1  
. , _ , 1 , ­
o  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 8  
6 .  L o c u s  S s o s l  4 1 7  
S i t e  1  B e r e  S t r e a m  n =  2 6  
0 . 5 ·  . . . . . . . . . • . . . . . • . • . . . . . . . . • . . . . . . .  "  "  "  . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  4  G r e y ' s  B r i d g e  n =  1 4  
0 . 5  . . , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . • . . . . . . . . . . . . . • • . . . . . . . • • . . . • . . . . . • . . . . • • • • • • . . . . . . . 
  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  5  N o r r i s  F a r m  n =  1 2  
0 5  . .  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
S i t e  6  L e w e l l  M i l l  n =  2 0  
0 . 6  .  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
o  
S i t e  7  E a s t  B u r t o n  n =  2 5  
0 . 4  .  
0 . 3  
0 . 2  
0 . 1  
S i t e  8  E a s t  S t o k e  n = 2 3  
0 3 5 , . .  .  
0 . 3  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
S i t e  9  E S M S  n =  1 3  
0 . 5  - y  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 1 9  
0 . 2  
0 . 1  
S i t e  1 0  W a t e r b a r n  S t r e a m  n =  9  
0 . 7  
0 . 6  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
0 . 1  
0 1 - ­
S i t e  1 1  W h i t f i e l d  H a t c h e r y  n =  1 0  
: : c · · · · · · · · ·  
J ,  , , - ,  ,
o  
S i t e  1 2  M u c k e 1 f o r d  B r i d g e  n =  2 6  
"I~ ~~~~~~~~~~~~~~~~~~~ 
U
u  I
:  
M  
b .  _  .  
o  i '  i  II I  
S i t e  1 4  B i n d o n  M i l l s t r e a m  n =  1 7  
0 . 6 , · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 
  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
O .  , 
  
o + - 1 - - - , - - . . . . . - - , - . 1 
  
S i t e  1 6  S o u t h  W i n t e r b o u r n e  n =  1 2  
1 1 1 · · · · · · · · ·  ··········································~I
' ;  - ,  ,I,.,_,~
 
1  
S i t e  1 7  W o o l  S t r e a m  n =  7  
0 . 6  T · · · · · · · · · · · . . · · · · · · · · · · . . . . · · · · · . . · · · · · ·  . . · · · · . . · · . . . . · · . . · · · · . . · · i i i i i · · · . . . . · · · · · · ·  
0 . 5  
0 . 4  
0 . 3  
0 . 2  
o  + - 1 - - , - - - , . - - , . . ­
S i t e  1 9  M o r e t o n  F o r d  n =  4  
0 . 3  .  
0 . 2 5  
0 . 2  
0 . 1 5  
0 . 1  
0 . 0 5  
o  
F i g u r e  7 . 4 . 4 . 7  ( C o n t i n u e d )  
2 2 0 
  
7.4.7. Results, F is per site 
Table 7.4.7.1 F1s per site per locus, over all loci and over 5 loci with Ssosl417 removed, July 1998 
IllCU.... BS TF WH GB NF LM EB ES ESMS WS HA MB TK BM TW MF 
N total 5 72 9 16 30 34 76 24 18 52 12 2 1 29 10 58 
Ssa 202 
N 4 60 2 3 24 12 66 20 15 38 5 1 1 9 7 45 
Fls 0.294 0.125 0 ,0.143 0.075 0.267 0.248* 0.372* -0.069 0.063 0.2 NA NA 0.229 -0.364 -0.113 
Ssa 171 
N 5 59 3 15 30 32 61 18 16 48 11 2 1 28 10 57 
Fls -0.25 0.109 0.2 -0.058 0.188 -0.071 0.082 -0.039 0.167 0.003 0.2 1 NA -0.062 0 -0.046 
Ssa 197 
N 5 72 9 15 30 33 72 24 17 49 12 2 1 28 10 50 
Fls 0.294 0.167** 0.25 -0.09 0.252** Oo4*a 0.204*a 0.393*a 0.512*a 0.337*a 0.689*a 0.5 NA -0.135 0.Q38 0.208*** 
Ssosl85 
N 5 68 9 13 29 32 71 23 17 47 10 2 1 27 9 58 
Fls -0.391 0.317*a -0.016 0.063 -0.066 0.214* 0.261 *a Oo472*a 0.191 0.098 0.166 0 NA -0.066 -0.047 -0.008 
Ssa 289 
N 5 62 5 2 / / 56 18 17 47 10 1 1 25 9 38 
Fls 0.733* 0.872*a 0.765** 1 NA NA Oo435*a 00477 0.866*a 0.773*a 00419 NA NA -0.125 0.091 * Oo4l6*a 
Ssosl417 
N 2 31 / 7 20 13 39 18 15 44 10 2 1 12 3 15 
Fls 1 0.676*a NA 1** 0.509*a 0.6** 0.782*a .o.863*a 0.691 *a 0.632*a 0.827* 1 NA 0.793*a 1 0.729*a 
Fls over all loci 0.338* 0.36*a 0.26** 0.334* 0.203*a 0.262*a 0.316*a Oo4l8*a 0.357*a 0.293*a Oo406*a 0.714* NA 0.14* 0.132* O.I92*a 
F IS over 5 loci, 0.158 0.299*a 0.26** 0.22 0.118* 0.201 *a 0.218*a 0.309*a 0.296*a 0.219*a 0.333*a 0.6 NA -0.033 -0.043 0.084** 
Ssosl417 removed 
P value based on 12500 randomisations p 0.05 *, P om **, p 0.001 ***. Indicative adjusted nominal level (5%) was 0.0004, 5 % adjusted *a. 
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Table 7.4.7.2 FIs per locus, over all loci and over 5 loci with Ssos1417 removed, September 1998 
locus GB NF LM EB ES ESMS WS HA MB TW SW WO Me MF DT DS 
Ntotal 14 10 48 54 10 18 20 10 27 4 10 10 5 57 3 6 
Ssa 202 
N 7 6 32 30 4 15 II 8 8 3 9 4 4 39 / 3 
1',,< 0.455 0.388 0.112 0.006 -0.5 -0.143 0.351 -0.191 0.233 -0.5 0.413 0.4 -0.125 0.104 0.5 
Ssa 171 
N 12 10 43 50 4 18 19 9 16 2 8 2 5 45 / 1 
I "IX -0.254 -0.102 0.041 -0.057 -0.263 -0.055 0.185 0.279 0.523*a 0 -0.349 -0.333 0 0.113 NA NA 
Ssa 197 
N 7 9 38 48 6 15 14 7 / 1 10 6 4 47 1 3 
Frs -0.1 08 1*a 0.092 0.204** 0.298 -0.012 0.027 0.342 NA NA 0.15 0.091 -0.6 0.141 * NA 0.2 
SsoslS5 
N 13 10 39 50 10 18 15 10 26 3 6 4 4 / 1 5 
Frs -0.143 -0.21 -0.128 0.104 0.194 0.2 -0.117 -0.385 0.038 0.2 0.048 0.7* NA 0.468*a NA -0.333 
Ssa 21'9 
N 14 10 44 32 10 15 15 10 10 4 8 6 4 38 3 5 
Frs 0.804*a 0.705** 0.103 0.059 0.681 ** 0.03 -0.05 -0.08 NA 0.2 -0.077 -0.053 -0.5 -0.023 0.5 0.6 
Ssosl417 
N 2 / 31 30 7 10 / 4 4 4 8 9 5 27 / 5 
Frs NA NA 0.876*a 0.768*a 0.143 0.878*a NA 1* 1* 0.571 0.659** 0.765* 0.273 0.668*a NA 1 
Frs over all loci 0.151 * 0.34*a 0.196*a 0.191 *a 0.114 0.2** 0.097 0.248* 0.465*a 0.079 0.17* 0.265* -0.19 0.274*a 0.5 0.302 
F IS over 5 loci, 0.151 0.34*a 0.032 0.061 0.11 0.017 0.097 0.043 0.265** -0.013 0.056 0.201 -0.296 0.184*a 0.5 0.2 
Ssosl 417 removed 
P value based on 14400 randomisations. Indicative adjusted nominal level (5%) was 0.00042. p 0.05 *, P 0.01 **, P 0.001 ***, P 5 % adjusted *a. 
"1"'\­
Table 7.4.7.3 F1S per locus per population, over all loci and over 5 loci with Ssos1417 removed, November 1998 
locus GB ESMS WS BM WO 
N total 4 7 6 9 10 
Ssa 202 
N 4 1 1 2 / 
F,s O. I NA NA NA NA 
Ssa 197 
N 3 6 4 9 5 
F1S -0.5 -0.224 0.368 0.407 -0.111 
Ssosl85 
N 3 3 2 5 7 
F1S -0.5 0.273 0 0.059 0.333 
Ssa 289 
N 3 5 2 7 8 
F1S 0.6 1.0** NA 0.217 -0.077 
Ssosl417 
N 2 6 5 8 9 
F1S 1 l*a 1** 0.825 0.575** 
F1S over all 0.229 0.515*a 0.522*a 0.369*a 0.223* 
F1s over 5 loci -0.028 0.367** 0.226 0.203 0.084 
Ssosl 417 removed 
P value based on 10000 randomisations 0.05 *, P 0.01 **. Indicative adjusted nominal level (5%) was 0.0025, % adjusted *a. 
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Table 7.4.7.4 F,s pcr locus pcr population, ovcr all loci and ovcr 5 loci with Ssosl 417 removed, July 1l)l)9 
IOCU8 13S WII (Jl3 NI' LM E13 ES ESMS WS HA 13M TW SW WO MF RW 
1\\la( N 3 5 13 53 36 21 l) 14 26 20 31 17 17 3 49 21 
Ssa 21J2 
N 3 5 13 53 35 21 9 14 26 20 31 17 17 3 49 17 
Fts -0.2 -0.103 -0.419 -0.137 -0.11 -0.053 -0.057 0.008 -0.096 -0.241 0.198 -0.149 -0.28 -0.333 -0.199* 0.015 
Ssa 171 
N 3 5 12 53 36 21 9 14 26 20 31 16 17 3 49 17 
Fts -0.2 -0.143 0.15 -0.063 -0.135 -0.162 0 -0.065 0.064 -0.196 -0.004 -0.008 -0.123 NA 0.252*** -0.2 
Ssa 197 
N 3 5 13 53 35 21 9 14 26 19 31 16 16 3 49 16 
Fts -0.091 -0.111 0.281 * 0.188** 0.387*a 0.1 0.143 -0.02 -0.037 0.128 0.085 0.13 -0.017 -0.5 -0.02 0.067 
Ssosl85 
N 3 3 10 46 36 21 9 13 26 20 29 16 16 3 41 18 
Fts -0.143 -0.333 -0.314 -0.07 -0.013 -0.009 0.538 0.6*a 0.379*** 0.152 0.11 0.065 0.041 1 0.178 0.068 
Ssa 289 
N 3 4 9 49 35 20 9 14 26 20 31 16 17 3 49 17 
Fts 1 NA 0.805** 0.261 ** -0.046 -0.012 -0.4 -0.39 -0.104 0.214 0.422** -0.161 0.565*** -1 0.222* 0.52* 
Ssosl417 
N 2 4 9 38 21 15 3 10 23 12 27 6 15 3 34 15 
F,s 1 1* 1*a 0.659*a 0.51 *a 0.892*a 0.2 0.765*a 0.885*a 0.772*a 0.583*a 0.815** 0.517*** 0.111 0.495*a 0.659*a 
overall Fts 0.241 0.069 0.232** 0.127** 0.127*** 0.111 * 0.091 ** O.l92*a 0.208*a 0.126* 0.215*a 0.169** 0.112* -0.081 0.154*a 0.162** 
Fts over 5 loci 0.043 -0.169 0.084 0.025 0.036 -0.027 0.066 0.055 0.061 -0.02 0.152*** 0 0.035 -0.143 0.083* 0.048 
Ssosl417 
removed 
P value based on 13200 randomisations. Indicative adjusted nominal level (5%) was 0.00045. p 0.05 *, p 0.01 **, P 0.001 ***, P 5 % adjusted *a. 
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Table 7.4.7.5 F1S per locus per population, over all loci and over 5 loci with Ss08l4l7 removed, September 1999 
sikcod<l B5 WH GB NF LM EB ES ESMS W5 HA MB BM TW SW WO MF 
lotal N 2 17 12 33 31 30 34 13 11 11 30 13 17 21 3 21 
Ssa 202 
N 1 9 9 24 20 8 21 10 10 7 13 10 15 21 3 17 
l'ls NA -0.155 -0.167 0.094 0.012 0.034 0.271 -0.18 -0.328 0.048 -0.158 0.318 -0.4 -0.1 21 0.6 0.212 
Ssa 171 
N 2 <J III 2-1 25 21 23 12 <J 8 11 13 17 20 3 17 
I :IS -0.333 -0.067 0.166 0.046 -O.15<J 0.043 -0.163 -0.211 -0.18 -0.244 -O.44<J -0.071 -0.143 -0.308 -0.5 0.076 
Ssa 197 
N 2 14 II I 19 27 19 7 10 7 15 12 14 18 3 21 
1'" -0.333 0.091 0.022 NA 0.106 0.08 0.316** 0.186 0.416** 0.379 0.263* 0.083 -0.138 -0.097 -0.2 O.oJ5 
S.<osI85 
N 2 14 12 33 28 27 32 11 11 Il 20 13 17 21 3 21 
l'I' 0 -0.032 1l.17 0.059 -0.058 0.143 -0.113 -0.13 -0.07 0.615** -0.24 0.045 -0.205 -0.066 -0.5 0.168 
Ssa 289 
N 2 17 12 25 17 14 33 13 11 9 17 13 16 20 3 21 
FIS 1 0.631 ** 0.221 0.634*a 0 0.313 -0.045 0.459 -0.136 -0.032 -0.18 0.478 0.333 0.784*a 0.6 0.142*a 
5s031417 
N 2 10 10 24 23 27 21 10 8 9 11 8 10 19 2 16 
FIS I 0.859*a 0.845*** 0.742*a 0.758*a 0.702*a 0.668*a 1*a 0.848*a 0.867*a 0.875*a 0.475 I 0.576*a I I *a 
oV<lrall Fls 0.375 0.195** 0.195** 0.279*a 0.125** 0.201 *** 0.154*** 0.189** 0.127* 0.313*** 0.061 0.211 ** -0.061 0.115* 0.241 0.283*a 
Fls ovaall, 0.167 0.057 0.Q78 0.174*** -0.025 0.114* 0.054 O.oJ5 -0.037 0.167 -0.125 0.158* -0.126 0.024 0.043 0.118* 
Ssosl417 
removed 
P value based on 12600 randomisations p 0.05 *, P 0.01 **, P 0.001 ***. Indicative adjusted nominal level (5%) was 0.00048, 5 % adjusted *a. 
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Table 7.4.7.6 F1S per locus per population, over all loci and over 5 loci with Ssosl4l7 removed, July 2000 
locu." BS WH GB NF LM EB ES ESMS WS HA BM TW SW WO MF 
Total N 14 18 25 20 30 30 26 31 28 30 31 7 29 28 30 
Ssa 202 
N 13 17 23 19 29 25 18 30 23 19 29 7 27 2'7 29 
!'IS -0.2~4*  0.076 -0.179 -0.055 0.308* 0.136 0.438 0.083 0.073 -O.OS 0.013 0.091 -0.179 0.051 0.007 
Ssa 171 
N 14 17 25 20 30 27 24 31 22 19 29 7 29 28 30 
Fis 0.146 0.121 -0.139 -0.039 0.147 -0.101 -0.024 -0.06 -0.07 0.041 -0.045 0.048 -0.145 -0.305 0.193 
Ssa 197 
N 14 18 25 20 29 30 26 30 28 29 31 7 29 28 29 
Fls -0.04 -0.052 0.009 0.104 0.124 0.061 0.124 -0.06 0.047 0.114 0.054 0.178 -0.068 -e.028 0.027 
8sos185 
N 13 12 22 19 16 29 18 29 23 23 26 2 29 24 16 
FIS -0.387 0.206 0.385** 0.02 -0.061 -0.054 0.513** -0.066 -0.196 -0.266 0.116 0 0.094 0289 0.888*a 
Ssa 289 
N 10 5 12 10 23 29 23 29 12 5 22 7 25 26 23 
Fls 0 0.5 NA -0.059 0.101 0.233 0.488*** -0.062 0.439 1 -0.115 NA 0.229 0.48** 0.304 
Ssosl417 
N 14 14 19 19 16 16 13 16 9 12 11 2 24 16 16 
Fls -0.209 0.792*a 0.858*a 0.768*a 0.601 *a 0.637*a 0.687*** 0.656*a 0.74*a 1*a 0.778*a NA 1*a Pa 0.687*a 
Fis overall -0.146* 0.24*a 0.18*a 0.142** 0.218*a 0.137** 0.351 *a 0.091 * 0.189*** 0.194** 0.152*** 0.077 0.134** 0_188** 0.332*a 
loci 
F IS over 5 loci -0.135 0.132* 0.002 0.006 0.128** 0.Q38 0.278*a -0.033 0.051 0.115 0.01 0.077 -0.025 0.061 0.243*a 
Ssosl 417 removed 
P value based on 12600 randomisations. Indicative adjusted nominal level (5%) was 0.00048. p 0.05 *, p 0.01 **, P 0.001 ***, P 5 % adjusted *a. 
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Table 7.4.7.7 Fls per locus per population, over all loci and over 5 loci with Ssosl417 removed, October 2000 
locus BS GB NF LM EB ES ESMS ws HA MB BM sw wo MF 
Total N 29 20 14 30 31 27 17 15 12 30 24 15 13 31 
Ssa 202 
N 29 19 14 30 24 22 13 13 9 28 22 15 13 27 
Fls 0.01 I 0.163 -0.048 0.089 -0.022 0.037 -0.081 0.143 0.34 -0.001 -0.176 -0.333 -0.043 0 
Ssa 171 
N 27 18 12 23 28 26 17 15 12 28 23 15 11 25 
h., 0.367** -0.092 0.275 0.245* -0.045 0.023 0.144 0.058 -0.1 0.113 0.065 -0.15 -0.681 -0.025 
Ss" .97 
N 27 19 14 29 31 27 16 15 9 30 24 15 12 31 
I:" -0.145 0.009 0.08') -0.1 1 -0.057 o.OC)} -0.157 0.056 -0.016 0.016 0.126 0.146 -0.415 -0.098 
Ssnsl liS 
N 27 20 14 29 3\ 27 17 14 12 30 24 15 12 31 
['" -0.224 0.116 0.238 0.295 0.059 0.109 0.231 0.093 0.19 0.34** 0.125 -0.261 -0.152 0.018 
Ss" 2119 
N 27 9 9 27 30 25 17 15 7 28 23 15 11 29 
['" 0.074 0.059 0.644* 0.347* -0.006 0.119 0.05 -0.129 0.1 0.349 0.432* 0.385 -0.475 0.138 
Ssnsl417 
N 26 14 12 21 25 23 13 9 10 26 17 12 7 4 
Fls 0.578*a I *a 0.458** 0.636*a 0.747*a 0.773*a 0.788*a 0.467* 0.804** 0.675*a 0.629*a 0.616** 1** 0.75** 
Fls over all loci 0.103* 0.199*** 0.267*a 0.224*a 0.119** 0.182*a 0.171 ** 0.129* 0.183* 0.235*a 0.183*** 0.076 -0.1 0.157** 
FL' over 5 loci 
-0.003 0.046 0.226** 0.138** -0.017 0.052 0.038 0.065 0.09 0.145** 0.101 -0.028 -0.346 -0.003 
Ssosl 4 I7 removed 
P value based on 12000 randomisations p 0.05 *, P 0.01 **, P 0.001 ***. Indicative adjusted nominal level (5%) was 0.0005, p 5 % adjusted *a. 
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7.4.8 Results Pairwise FST per sample time 
Table 7.4.8.1 Pairwise FST values for S. salar at 15 sites, Rivers Piddle and Frome,S loci, July 1998 
site BS TF WH GB NF LM EB ES ESMS WS HA MB BM TW 
TF -0.0178 
WH -0.0081 -0.018 
OB 0.0356*a 0.0222 -0.0578 
NF 0.056 0.0524 -0.0343 -0.001 
LM 0.0245 0.0732 0.0334 0.0388 0.042 
EB 0.0379** 0.038* 0.0257 0.0228** 0.0162 0.0376 
ES 0.052** 0.0376*** 0.0206 0.0079** 0.0084 0.0333 -0.0055 
ESMS 0.0453 0.0409*** -0.0019 O.Ol71*a 0.0101 0.0305 O.OO79*a 0.0018*** 
WS 0.0092 0.0281*a 0.031 0.0238*a 0.0374 0.035 0.0005*a 0.0118*a 0.0229*a 
HA 0.0546 O.0883*a 0.0439 0.0547*a 0.0514** 0.0207 O.0322*a 0.0265 0.0119 0.0299*a 
MB O.0879*a 0.0168 -0.0183 0.0208*a 0.0083 0.0509 -0.0108 -0.0193 -0.0172 -0.0137 0.076 
BM 0.036** 0.0339*a 0.0461 0.0523*a 0.0368 0.0607 0.0092*a 0.0186** 0.0274** 0.0149** 0.0758** 0.0164 
TW 0.0444** 0.0584*a 0.0394 0.0395*a 0.0356** 0.0457 0.0456*a 0.0461*** 0.02* 0.0568*a 0.0835*a 0.1126*a 0.0729*a 
MF 0.0466*** 0.0336*a -0.0004 0.0116*a 0.016 0.0447* 0.0253*a 0.0105*a 0.0144*a 0.0306*a 0.0559*a 0.0349 0.0548*a 0.0403*a 
P-values obtained after 30000 permutations pO.05* (non adjusted), pO.Ol ** (non adjusted) pO.OOl ***(non adjusted). 
Indicative adjusted nominal level (5%) for multiple comparisons was 0.000167, p 5 % level *a (Bonferroni adjusted). 
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Table 7.4.8.2. Pairwise FST values for S. salar at 16 sites, Rivers Piddle and Frome, 5 loci, September 1998 
sit\: OB NF LM EB ES ESMS WS HA MB TW SW WO MC MF DT 
NF -0.0015 
1M 0.0689*a 0.0642*a 
EB 0.0692*a 0.0671*a 0.0151*** 
ES 0.0341*** 0.0205 0.0589* 0.0874* 
ESMS 0.0902*a 0.1145*a 0.0705*a 0.0653*a 0.0953*a 
WS 0.0578*a 0.0727*a 0.0216* 0.0162 0.0907** 0.0909** 
HA 0.0541*a 0.0896*a 0.0408*a 0.0578*a 0.0871** 0.053*a 0.0457*** 
MB 0.0916 0.109 0.005 0.0041 0.087 0.0713 -0.0008 0.0477 
TW -0.0368 -0.0254 0.0217 -0.0019 0.0585 0.0506 -0.0446 0.0537 0.0427 
SW 0.0985*a 0.0849*a 0.0458*** 0.0251 0.1091*** 0.1046*** 0.0269** 0.1024*** 0.041 -0.0377 
WO 0.0397*** 0.0632*** 0.014 0.0026 0.0815 0.0262 0.0033 0.0281 -0.0238 -0.0612 -0.0001 
MC 0.1437*a 0.094*** 0.1452** 0.1385*a 0.1105* 0.1845*** 0.178*** 0.2459*a 0.2232 0.1405*a 0.1889*a 0.1659*a 
MF 0.0411*a 0.0514*a 0.0242*a 0.0167*a 0.0401 0.0292*a 0.0184 0.0263*** 0.0185* -0.0244 0.0502*a -0.0049 0.1109*a 
DT 0.0841 -0.0497 0.5192 0.3506 -0.0421 0.054 0.3917 0.2228 0.6403 0.0697 0.225 0.1667 0.1798 0.1274 
I)S 
-0.002 -0.0088 0.0409 0.0169 0.081 0.0831 -0.0294 0.0151 0.0867 -0.0753 0.0058 -0.0026 0.1698*a 0.0006 -0.1565 
P-valucs ohlaincd aHcr 27600 pcrmulalions p 0.05* (non adjuslcd), p 0.0 I** (non adjuslcd), p 0.00 I*** (non adjuslcd). 
Indicativc adjuslcd nominallcvcl (5%) li.lr mulLiplc comparisons was O.OOOtSt, p 5 % *a (Bonfcrroni adjuslcd). 
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Table 7.4.8.3 Pairwise FST values for S. salar at 5 sites, no Ssosl 417, River Frome, Novemher 1998 
site GB ESMS WS BM 
ESMS -0.0778 
WS -0.0585 -0.0227 
BM 0.1552 -0.0086 0.1648*a 
WO 0.044 0.0022 0.005 0.0208 
P-values ohtained after 15000 permutations pO.05* (non adjusted), pO.01 ** (non adjusted). 
Indicative adjusted nominallevcl (5%) for multiple comparisons is 0.005, p5 % *a (Bonferroni adjusted). 
Table 7.4.8.4 Pairwise FST values for S. salar at 15 sites, 5 loci, Rivers Piddle and Frome, JUly 1999 
site BS WH GB NF LM EB ES ESMS WS HA BM SW WO MF TW 
WH -0.006 
GB -0.0374 0.0171 * 
NF -0.0505 -0.005 0.0071** 
LM -0.0259 0.0114** 0.0514*a 0.0303*a 
EB -0.0267 0.012S* O.0227*a 0.0213*a O.OlSl *a 
ES -0.0842 0.0004* 0.0166*a 0.0022*a 0.0406*a 0.024S** 
ESMS -0.0472 0.0001 O.032S*a O.0304*a O.0624*a 0.033a -0.01 XX 
WS -0.0429 0.0071** O.OI57*a 0.0267*a O.0363*a -0.0008 0.OOS6** 0.0157*** 
HA -0.0127 0.0193*a 0.0534*a 0.0297*a 0.0362*a 0.052*a 0.0286 0.0713*a 0.0378*a 
BM -0.0589 0.003* 0.0187*a 0.0179*a 0.0506*a 0.0177** -0.0109 0.0157*** 0.0107 0.0467*a 
SW -0.0337 0.072*** 0.0224*a 0.0441*a 0.039S*a 0.0284 0.0324 0.0568* 0.0256 0.0544*a 0.0361 
WO 0.1591 *a 0.1711 ** O.1773*a 0.1569*a 0.2104*a 0.1553** 0.1192 0.1342* 0.1421 ** 0.1982*a 0.1094 0.2224*a 
MF -0.0585 0.0273** 0.0217*a 0.0268*a 0.0558*a 0.0358*a -0.0055 0.0241 0.0255 0.0616*a 0.0146 0.0438 0.1983* 
TW -0.0248 0.003 0.051*a 0.0341*a 0.0327*a 0.0347*a 0.0144 0.0205 0.0156 0.0494*a 0.0183 0.0399** 0.2089*** 0.0388** 
RW -0.0399 0.0043* 0.0149*a 0.0221 0.0239 0.0206 0.0126 0.0442 0.0079 0.014 0.019 0.0323 0.1694 0.0384 0.0384 
P-values obtained after 23100 permutations p 0.05* (non adjusted), p 0.01 **, P 0.001 *** (non adjusted).
 
Indicative adjusted nominal level (5%) for multiple comparisons was 0.000216 p 5 % *a (Bonferroni adjusted).
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Table 7.4.8.5 Pairwise FST values for S. safar at 16 sites, Rivers Piddle and Frome, 5 loci, September 1999 
Sitt: BS WH GB NF LM EB ES ESMS WS HA MB BM SW wo MF 
WH -0.0395 
GB -0.0148 -0.0171 
NF 0.0397* 0.0017 -0.0048 
LM 0.06119* 0.0332*a 0.0419 0.0597 
EB -0.0259 0.0027* 0.0102 0.0371 0.05116*a 
ES -0.0252 -0.007 0.0136** 0.0126* 0.0379*a 0.0195*a 
ESMS 0.0099 -0.0044 0.0257* 0.0094 0.0742*a 0.0077*a -0.0128 
WS 0.0243 -0.0133 -0.0145 0.0025*** 0.0091*a 0.0094*a 0.0049 0.0043*** 
HA -0.0091 0.0126*a 0.0297* 0.0191 0.0379*a 0.0169 0.0427*a 0.0497*a 0.0199 
MB 0.0066 0.0479*a 0.0511* 0.0919*a 0.0843*a 0.0233*a 0.0594*a 0.0606*a 0.065*a 0.0325 
BM -0.0771 -0.0074 0.0235** 0.0434*** 0.0743*a -0.0055 0.0145*a 0.0111*a 0.0181*a 0.0436*a 0.0473*a 
SW 0.0267 0.0714*a 0.0609*a O.Oll6*a 0.1157*a 0.0283*a 0.0723*a 0.0539*a 0.0515*a 0.0746*a 0.0706*a 0.0397*a 
WO -0.0272 0.0111** -0.005 0.0269* 0.0889*a -0.0274 0.0387*a 0.0156*a 0.009 0.0107 0.0853*a -0.039 -0.0199 
MF 0.0309* 0.0159** 0.0212*a 0.0341*a 0.0423*a -0.0091 0.0372*a 0.0295*a 0.0023*a 0.0197*a 0.0595*a 0.01511*a 0.0451*a -0.0227 
TW 0.0953* 0.01l65*a 0.01l34*a 0.10115*a 0.1134*a 0.0224*a 0.0716*a 0.0796*a 0.0795*a 0.0863*a 0.0756*a 0.0403* 0.0798*a 0.0555** 0.0604*** 
P-values obtained after 21000 permutations p 0.05* (non adjusted), p 0.01 ** (non adjusted), p 0.001 *** (non adjusted). 
Indicative adjusted nominal level (5%) for multiple comparisons was 0.000238, p 5 % *a (Bonferroni adjusted). 
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Table 7.4.8.6 Pairwise FST values for S. salar at 15 sites, Rivers Piddle and Frome, 5 loci, July 2000 
site BS WH OB NF 1M EB ES ESMS WS HA BM SW WO MF 
WH 11.11516** 
OB 0.095S*a 0.03*** 
NF 0.0775*a 11.11044* 0.0203*a 
LM 0.0494*** -0.0124 11.0243*a 0.0246*** 
EB 0.0705*a -0.01116 0.044*a 0.0206*a 0.005*** 
ES 0.16S6*a 0.042S*** 0.1427*a 0.0992*a 0.06S5*a 0.04S6** 
ESMS 0.1 176*a -0.0025 0.0424*a O.l72*a O.Oll:l*a 0.01l2*a 0.0652*a 
WS 0.1l49*a 0.0151 0.0934*a 0.0416 0.0383 0.0202 0.0493 0.0406 
HA 0.1l01*a 0.0382 0.0521 0.0373 0.0458 0.036 0.1143 0.0576 0.0451 
BM 0.0954*a -0.0012 0.0544*a 0.0229*a 0.0317*a 0.0133** 0.066l:l*a 0.0129* 0.0231* 0.0704*a 
SW 0.092*a 0.020l:l*a ll.0533*a 0.0405*a 0.0374*a 0.0332*a 0.1056*a 0.0315*a 0.0582*a 0.077*a 0.0133*a 
WO 0.1493*a 0.0497*a 0.0l:l99*a 0.0635*a 0.0649*a 0.0654*a 0.1l66*a 0.0789*a 0.0746*a 0.0939*a 0.0857*a 0.0947*a 
MF 0.13l:l8*a 0.0166*a 0.0686*a 0.0394*a 0.0371*a 0.0182** 0.0623* 0.0228 0.0422 0.0208** 0.0527*a 0.0664*a 0.0727*a 
TW 0.0881*** -0.0024 0.0536* 0.0355 0.0215 0.0199 0.1099*a 0.0274* 0.0809** 0.0934*a 0.0302* 0.0445** 0.0695** 0.0291 
P-values obtained after 21000 permutations pO.05* (non adjusted), pO.Ol ** (non adjusted), pO.OOl *** (non adjusted). 
Indicative adjusted nominal level (5%) for multiple comparisons is 0.000238, p 5 % *a (Bonferroni adjusted) . 
•T~,) 
Table 7.4.S.7 Pairwise PST values for S. salar at 14 sites, Rivcrs Piddle and Fromc, 5 loci, Octobcr 2000 
BS OB NF 1M EB ES ESMS WS HA MB BM SW WO 
OB 0.0134*** 
NF 0.0442*a 0.01 J 
1M 0.0423*a 0.00S7 0.0153 
EB 0.032S*a -0.0011 -0.002 0.0124** 
ES 0.027*a -0.0084 0.009S* 0.019*** 0.0027 
ESMS 0.0696*a 0.0225** 0.0419*a 0.0511*a 0.0221** 0.0021 
WS 0.04S1*a 0.0036 0.0227 0.0104 0.0098 -0.0092 0.004** 
HA 0.0351*** -0.001 0.0464** 0.0094 0.03 0.0099 0.0385 0.0226 
MB 0.0695*a 0.051*a 0.0331*a 0.0539*a 0.0663*a 0.03SS*a 0.0956*a 0.0554*a 0.0363*a 
BM 0.053*a 0.0119** 0.022S*a 0.0619*a 0.0191 *a 0.003S* 0.0009* 0.0179** 0.0494*a 0.0736*a 
SW 0.0619*a 0.0176 O.013S*a 0.0173*a 0.0237*a 0.0132** 0.0407*a 0.0156*** 0.02S9** 0.042S*a 0.0465*a 
WO 0.0622*a 0.0375** 0.0717*a 0.0736*a 0.0752*a 0.0431** 0.1027*a 0.0871 *a 0.0554 0.0777*a 0.0799** 0.0969*a 
MF 0.024S*a -0.0017 0.0191 * 0.0235** 0.0099* 0.0057 0.0325*a 0.017** 0.0124** 0.0628*a 0.0335** 0.0356 0.0422 
P-values obtained after 19000 permutations p 0.05* (non adjusted), p 0.01 ** (non adjusted), p 0.001 *** (non adjusted). 
Indicative adjusted nominal level (5%) for multiple comparisons is 0.000263, p 5 % *a (Bonferroni adjusted). 
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8 . 	  R E F E R E N C E S  
A d k i s o n ,  M  D  1 9 9 5 .  P o p u l a t i o n  d i f f e r e n t i a t i o n  i n  P a c i f i c  s a l m o n :  L o c a l  a d a p t a t i o n ,  g e n e t i c  
d r i f t ,  o r  t h e  e n v i r o n m e n t ?  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s ,  5 2 ,  p p .  
2 7 6 2 - 2 7 7 7 .  
A l l e n d o r f ,  F .  W . ,  a n d  S .  R .  P h e l p s .  1 9 8 1 .  U s e  o f  A l l e l i c  F r e q u e n c i e s  t o  D e s c r i b e  P o p u l a t i o n  
S t r u c t u r e .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s  3 8 : 1 5 0 7 - 1 5 1 4 .  
A l l e n d o r f ,  F .  W . ,  a n d  G .  H .  T h o r g a a r d .  1 9 8 4 .  T e t r a p l o i d y  a n d  t h e  e v o l u t i o n  o f  s a l m o n i d  
f i s h e s .  P a g e s  1 - 5 3  i n  B .  1 .  T u r n e r ,  e d i t o r .  T h e  E v o l u t i o n a r y  G e n e t i c s  o f  F i s h e s .  
P l e n u m  P u b l i s h e r s ,  N e w  Y o r k .  
A n g e r s ,  B . ,  L .  B e r n a t c h e z ,  A .  A n g e r s ,  a n d  L .  D e s g r o s e i l l e r s .  1 9 9 5 .  S p e c i f i c  m i c r o s a t e l l i t e  
l o c i  f o r  b r o o k  c h a r r  r e v e a l  s t r o n g  p o p u l a t i o n  s u b d i v i s i o n  o n  a  m i c r o g e o g r a p h i c  s c a l e .  
J o u r n a l  o f  F i s h  B i o l o g y  4 7 :  1 7 7 - 1 8 5 .  
A n o n . 	  2 0 0 0 .  M i c r o s a t e l l l i t e  m u t a t i o n s  i n  t h e  g e r m l i n e :  i m p l i c a t i o n s  f o r  e v o l u t i o n a r y  
i n f e r e n c e .  T r e n d s  i n  G e n e t i c s  1 6 : 5 5 1 - 5 5 7 .  
B e a c h a m ,  T .  D . ,  a n d  1 .  B .  D e m p s o n .  1 9 9 8 .  P o p u l a t i o n  s t r u c t u r e  o f  A t l a n t i c  s a l m o n  f r o m  t h e  
C o n n e  r i v e r ,  N e w f o u n d l a n d  a s  d e t e r m i n e d  f r o m  m i c r o s a t e l l i t e  D N A .  J o u r n a l  o f  F i s h  
B i o l o g y  5 2 : 6 6 5 - 6 7 6 .  
B e r n a t c h e z ,  L . ,  1 .  D e m p s o n ,  a n d  S .  M a r t i n .  1 9 9 8 .  M i c r o s a t e l l i t e  g e n e  d i v e r s i t y  a n a l y s i s  i n  
a n a d r o m o u s  a r c t i c  c h a r ,  S a l v e l i n u s  a l p i n u s ,  f r o m  L a b r a d o r ,  C a n a d a .  C a n .  1 .  F i s h .  
A q u a t .  S c i .  5 5 :  1 2 6 4 - 1 2 7 2  
B l o u w ,  D M ;  S a x o n ,  S D ;  C h a d w i c k ,  E M P  1 9 8 8 .  T e m p o r a l  v a r i a t i o n  o f  m e r i s t i c  t r a i t s  w i t h i n  
a n  A t l a n t i c  s a l m o n  ( S a l m o  s a l a r )  s t o c k ,  a n d  i m p l i c a t i o n s  f o r  s t o c k  i d e n t i f i c a t i o n .  
C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s ,  4 5 ,  p p .  1 3 3 0 - 1 3 3 9  
C a r l s s o n ,  1 . ,  a n d  1 .  N i l s s o n .  2 0 0 0 .  P o p u l a t i o n  g e n e t i c  s t r u c t u r e  o f  b r o w n  t r o u t  ( S a l m o  t r u t t a  
L . )  w i t h i n  a  n o r t h e r n  b o r e a l  f o r e s t  s t r e a m .  H e r e d i t a s  1 3 2 :  1 7 3 - 1 8 1  
C h a m b e r s ,  G .  K . ,  a n d  E .  S .  M a c A v o y .  2 0 0 0 .  M i c r o s a t e l l i t e s :  c o n s e n s u s  a n d  c o n t r o v e r s y .  
C o m p a r a t i v e  B i o c h e m i s t r y  a n d  P h y s i o l o g y  p a r t  B  1 2 6 : 4 5 5 - 4 7 6 .  
C l a r k e  R  1 9 9 2  R E M O V E  - a  p r o g r a m  f o r  f i s h  p o p u l a t i o n  e s t i m a t i o n .  I n t e r n a l  P r o g r a m  a n d  
r e p o r t .  
C o c k e r h a m  c c .  1 9 6 9 .  V a r i a n c e  o f  g e n e  f r e q u e n c i e s .  E v o l u t i o n  2 3 ,  7 2 - 8 4 .  
C o c k e r h a m ,  C .  1 9 7 3 .  A n a l y s e s  o f  g e n e  f r e q u e n c i e s .  G e n e t i c s  7 4 : 6 7 9 - 7 0 0 .  
C o r n u e t ,  J .  M . ,  a n d  G .  L u i k a r t .  1 9 9 6 .  D e s c r i p t i o n  a n d  P o w e r  A n a l y s i s  o f  T w o  T e s t s  f o r  
D e t e c t i n g  R e c e n t  P o p u l a t i o n  B o t t l e n e c k s  F r o m  A l l e l e  F r e q u e n c y  D a t a .  T h e  G e n e t i c s  
S o c i e t y  o f  A m e r i c a  1 4 4 : 2 0 0 1 - 2 0 1 4 .  
2 5 5  
C o r n u e t ,  1 .  M . ,  S .  P i r y ,  G .  L u i k a r t ,  A  E s t o u p ,  a n d  M .  S o l i g n a c .  1 9 9 9 .  N e w  m e t h o d s  
e m p l o y i n g  m u l t i l o c u s  g e n o t y p e s  t o  s e l e c t  o r  e x c l u d e  p o p u l a t i o n s  a s  o r i g i n s  o f  
i n d i v i d u a l s .  G e n e t i c s  1 5 3  ( 4 ) :  1 9 8 9 - 2 0 0 0 .  
C r i s p ,  D . T . ,  M a n n ,  R H . K  & M c C o r m a c k ,  1 . c .  ( 1 9 7 5 ) .  T h e  p o p u l a t i o n s  o f  f i s h  i n  t h e  R i v e r  
T e e s  o n  t h e  M o o r  H o u s e N a t i o n a l  N a t u r e  R e s e r v e ,  W e s t m o r l a n d .  J o u r n a l  o f  F i s h  
B i o l o g y ,  7 ,  5 7 3 - 5 9 3 .  
C r i s p ,  D . T .  2 0 0 0  T r o u t  a n d  S a l m o n :  E c o l o g y ,  C o n s e r v a t i o n  a n d  R e h a b i l i t a t i o n .  F i s h i n g  
N e w s  B o o k s ,  B l a c k w e l l  S c i e n c e s  L t d ,  L o n d o n ,  2 l 2 p p .  
C r o s s , 	  T F  2 0 0 0 .  G e n e t i c  i m p l i c a t i o n s  o f  t r a n s l o c a t i o n  a n d  s t o c k i n g  o f  f i s h  s p e c i e s ,  w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  W e s t e r n  A u s t r a l i a .  A q u a c u l t u r e  R e s e a r c h ,  3 1 ,  p p .  8 3 - 9 4 .  
E l l i o t t ,  1 . M .  a n d  H u r l e y ,  M . A  1 9 9 7 .  A  f u n c t i o n a l  m o d e l  f o r  m a x i m u m  g r o w t h  o f  A t l a n t i c  
s a l m o n  p a r r ,  S a l m o  s a l a r ,  f r o m  t w o  p o p u l a t i o n s  i n  n o r t h w e s t  E n g l a n d .  F u n c t i o n a l  
E c o l o g y ,  1 1 ,  5 9 2 - 6 0 3 .  
E l  M o u s a d i k ,  A ,  a n d  R  1 .  P e t i t .  1 9 9 6 .  H i g h  l e v e l  o f  g e n e t i c  d i f f e r e n t i a t i o n  f o r  a l l e l i c  
r i c h n e s s  a m o n g  p o p u l a t i o n s  o f  t h e  a r g a n  t r e e  ( A r g a n i a  J p i n a s a  ( L . )  S k e e l s )  e n d e m i c  
t o  M o r o c c o .  T h e o r e t i c a l  a n d  a p p l i e d  g e n e t i c s  9 2 : 8 3 2 - 8 3 9 .  
E s t o u p ,  A ,  P .  P r e s a ,  F .  K r i e g ,  D .  V a i m a n ,  a n d  R  G u y o m a r d .  1 9 9 3 .  ( C T ) n  a n d  ( G T ) n  
m i c r o s a t e l l i t e s  - a  n e w  c l a s s  o f  g e n e t i c  m a r k e r s  f o r  S a / r n a  t m U a  L  ( b r o w n  t r o u t ) .  
H e r e d i t y  7 1  : 4 8 8 - 4 9 6 .  
F o n t a i n e ,  P .  M . ,  1 .  1 .  D o d s o n ,  L .  B e r n a t c h e z ,  a n d  A  S l e t t a n .  1 9 9 7 .  A  g e n e t i c  t e s t  o f  
m e t a p o p u l a t i o n  s t r u c t u r e  i n  A t l a n t i c  s a l m o n  ( S a l r n a  s a l a r )  u s i n g  m i c r o s a t e l l i t e s .  
C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s  5 4 : 2 4 3 4 - 2 4 4 2 .  
F o n t a i n e ,  P .  M . ,  a n d  1 .  1 .  D o d s o n .  1 9 9 9 .  A n  a n a l y s i s  o f  t h e  d i s t r i b u t i o n  o f  j u v e n i l e  A t l a n t i c  
s a l m o n  ( S a l r n a  s a l a r )  i n  n a t u r e  a s  a  f u n c t i o n  o f  r e l a t e d n e s s  u s i n g  m i c r o s a t e l l i t e s .  
M o l e c u l a r  E c o l o g y  8 :  1 8 9 - 1 9 8 .  
G a l v i n ,  P . ,  T .  C r o s s ,  a n d  A  F e r g u s o n .  1 9 9 4 .  G e n e t i c  d i f f e r e n t i a t i o n  a n d  g e n e  n o w  i n  A t l a n t i c  
s a l m o n ,  S a l r n a  s a l a r L . ;  a  c a s e  s t u d y  o f  t h e  R i v e r  S h a n n o n  s y s t e m  i n  I r e l a n d .  
A q u a c u l t u r e  a n d  F i s h e r i e s  M a n a g e m e n t  2 5 : 1 3 1 - 1 4 5 .  
G a l v i n ,  P . ,  1 .  T a g g a r t ,  A  F e r g u s o n ,  M .  O ' F a r r e l l ,  a n d  T .  C r o s s .  1 9 9 6 .  P o p u l a t i o n  g e n e t i c s  o f  
A t l a n t i c  s a l m o n  ( S a l r n a  s a l a r )  i n  t h e  R i v e r  S h a n n o n  s y s t e m  i n  I r e l a n d :  a n  a p p r a i s a l  
u s i n g  s i n g l e  l o c u s  m i n i s a t e l l i t e  ( V N T R )  p r o b e s .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  
A q u a t i c  S c i e n c e s  5 3 :  1 9 3 3 - 1 9 4 2  
G a r a n t ,  D . ,  1 .  1 .  D o d s o n ,  a n d  B e r n a t c h e z .  2 0 0 0 .  E c o l o g i c a l  D e t e r m i n a n t s  a n d  t e m p o r a l  
s t a b i l i t y  o f  t h e  w i t h i n - r i v e r  p o p u l a t i o n  s t r u c t u r e  i n  A t l a n t i c  s a l m o n  ( S a l r n a  s a l a r  L . ) .  
M o l e c u l a r  E c o l o g y  9 : 6 1 5 - 6 2 8 .  
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G o u d e t ,  1 . ,  T  D e  M e e u s ,  A  D a y ,  a n d  C .  G l i d d o n .  1 9 9 4 .  T h e  d i f f e r e n t  l e v e l s  o f  p o p u l a t i o n  
s t r u c t u r i n g  o f  t h e  d o g w h e l k ,  N u c e l l a  l a p i l l u s ,  a l o n g  t h e  s o u t h  D e v o n  c o a s t .  i n  A  
B e a u m o n t ,  e d i t o r .  G e n e t i c s  a n d  E v o l u t i o n  o f  a q u a t i c  o r g a n i s m s .  C h a p m a n  a n d  H a l l ,  
L o n d o n .  
G o u d e t , 1 .  1 9 9 5 .  F S T A T  ( V e r s i o n  1 . 2 ) :  A  c o m p u t e r  p r o g r a m  t o  c a l c u l a t e  F - s t a t i s t i c s .  J o u r n a l  
o f  H e r e d i t y  8 6 : 4 8 5 - 4 8 6 .  
G o u d e t  J ,  R a y m o n d  M ,  d e  M e e l i s  T  &  R o u s s e t  F .  1 9 9 6 .  T e s t i n g  d i f f e r e n t i a t i o n  i n  d i p l o i d  
p o p u l a t i o n s .  G e n e t i c s  1 4 4 ,  1 9 3 3 - 1 9 4 0 .  
G o u d e t ,  1 .  2 0 0 0 .  F S T A T  A  P r o g r a m  t o  E s t i m a t e  a n d  T e s t  G e n e  D i v e r s i t i e s  a n d  f i x a t i o n  
i n d i c e s  ( v e r s i o n  2 . 9 . 1 ) .  h t t p : / / w w w . u n i l . c h / i z e a / s o f t w a r e s / f s t a t . h t m l .  
G o u d e t , 1 .  2 0 0 1 .  F S T A T ,  a  p r o g r a m  t o  e s t i m a t e  a n d  t e s t  g e n e  d i v e r s i t i e s  a n d  f i x a t i o n  i n d i c e s  
( v e r s i o n  2 . 9 . 3 ) .  A v a i l a b l e  f r o m  h t t p : / / w w w . u n i l . c h / i z e a / s o f t w a r e s / f s t a t . h t m l .  
L a u s a n n e .  
H a n s e n ,  L P ;  J o n s s o n ,  B  1 9 9 1 .  E v i d e n c e  o f  a  g e n e t i c  c o m p o n e n t  i n  t h e  s e a s o n a l  r e t u r n  p a t t e r n  
o f  A t l a n t i c  s a l m o n ,  S a l m a  s a l a r  L .  J o u r n a l  o f  F i s h  B i o l o g y ,  3 8 ,  p p .  2 5 1 - 2 5 8 ,  1 9 9 1  
H a n s e n ,  M .  M . ,  E .  E .  N i e l s e n ,  a n d  K .  L .  D .  M e n s b e r g .  1 9 9 7 .  T h e  p r o b l e m  o f  s a m p l i n g  
f a m i l i e s  r a t h e r  t h a n  p o p u l a t i o n s :  R e l a t e d n e s s  a m o n g  i n d i v i d u a l s  i n  s a m p l e s  o f  
j u v e n i l e  b r o w n  t r o u t  S a l m a  t r u t t a  L .  M o l e c u l a r  E c o l o g y  6 : 4 6 9 - 4 7 4 .  
H a r d ,  J J  1 9 9 4 .  G e n e t i c  m o n i t o r i n g  o f  l i f e - h i s t o r y  c h a r a c t e r s  i n  s a l m o n  s u p p l e m e n t a t i o n :  
P r o b l e m s  a n d  o p p o r t u n i t i e s .  I n :  S c h r a m m ,  H L  J r ;  P i p e r ,  R G  ( e d s )  . 1 5 t h  I n t .  S y m p .  
W o r k s h o p  o n  U s e s  a n d  E f f e c t s  o f  C u l t u r e d  F i s h e s  i n  A q u a t i c  E c o s y s t e m s ,  
A l b u q u e r q u e ,  N M  ( U S A ) ,  1 2 - 1 7  M a r  1 9 9 4  
H e g g b e r g e t ,  T G . ,  H a n s e n ,  L . P . ,  N a e s j e ,  T F .  1 9 8 8  W i t h i n - r i v e r  s p a w n i n g  m i g r a t i o n  o f  
A t l a n t i c  s a l m o n  ( S a l m a  s a l a r  ) .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s ,  
4 5 ,  N o .  1 0 ,  1 6 9 1 - 1 6 9 8 .  
H i l t o n ,  1 . ,  W e l t o n ,  1 . S . ,  C l a r k e ,  R . T .  a n d  L a d l e ,  M .  2 0 0 1 .  A n  a s s e s s m e n t  o f  t h e  p o t e n t i a l  f o r  
t h e  a p p l i c a t i o n  o f  t w o  s i m p l e  m o d e l s  t o  s a l m o n  s t o c k  m a n a g e m e n t  i n  c h a l k  r i v e r s .  
F i s h e r i e s  M a n a g e m e n t  a n d  E c o l o g y ,  8 ,  1 8 9 - 2 0 5 .  
H u r r e l l ,  R H ;  P r i c e ,  D J  1 9 9 3 .  G e n e t i c  v a r i a t i o n  i n  A t l a n t i c  s a l m o n ,  S a l m a  s a l a r  L . ,  w i t h i n  t h e  
T a m a r  c a t c h m e n t  i n  s o u t h - w e s t  E n g l a n d .  J o u r n a l  o f  F i s h  B i o l o g y ,  4 2 ,  p p .  1 5 3 - 1 5 6 .  
J a r n e ,  P . ,  a n d  P .  J .  L .  L a g o d a .  1 9 9 6 .  M i c r o s a t e l l i t e s ,  F r o m  M o l e c u l e s  t o  P o p u l a t i o n s  a n d  
B a c k .  T r e n d s  I n  E c o l o g y  &  E v o l u t i o n  1 1  : 4 2 4 - 4 2 9 .  
J o r d a n ,  W .  c . ,  A  F .  Y o u n g s o n ,  D .  W .  H a y ,  a n d  A  F e r g u s o n .  1 9 9 2 .  G e n e t i c  P r o t e i n  
V a r i a t i o n  i n  N a t u r a l  P o p u l a t i o n s  o f  A t l a n t i c  S a l m o n  ( S a l m a  s a l a r )  i n  S c o t l a n d :  
T e m p o r a l  a n d  S p a t i a l  V a r i a t i o n .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s  
4 9 :  1 8 6 3 - 1 8 7 2 .  
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L a u g h t o n ,  R . 1 9 9 1  T h e  m o v e m e n t s  o f  a d u l t  A t l a n t i c  s a l m o n  ( S a l m o  s a f a r  L . )  i n  t h e  R i v e r  
S p e y  a s  d e t e r m i n e d  b y  r a d i o  t e l e m e t r y  d u r i n g  1 9 8 8  a n d  1 9 8 9 . S c o t t i s h  F i s h e r i e s  
R e s e a r c h  R e p o r t .  N o .  5 0 ,  3 5 .  
L o n g  J e .  1 9 8 6 .  T h e  a l l e l i c  c o r r e l a t i o n  s t r u c t u r e  o f  G a i n j - a n d  K a l a m - s p e a k i n g  p e o p l e .  I .  T h e  
e s t i m a t i o n  a n d  i n t e r p r e t a t i o n  o f  W r i g h t ' s  F - s t a t i s t i c s .  G e n e t i c s  1 1 2 ,  6 2 9 - 6 4 7 .  
L u i k a r t ,  G . ,  a n d  J . - M .  C o r n e t .  1 9 9 8 .  E m p i r i c a l  e v a l u a t i o n  o f  a  t e s t  f o r  i d e n t i f y i n g  r e c e n t l y  
b o t t l e n e c k e d  p o p u l a t i o n s  f r o m  a l l e l e  f r e q u e n c y  d a t a .  C o n s e r v a t i o n  B i o l o g y  1 2 : 2 2 8 ­
2 3 7 .  
M a r t i n e z ,  J .  L . ,  P .  M o r a n ,  a n d  E .  G a r c i a - V a z q u e z .  1 9 9 9 .  D i n u c l e o t i d e  r e p e a t  p o l y m o r p h i s m  
a t  t h e  S s  4 ,  S s  6  a n d  S s 1 1  l o c i  i n  t h e  A t l a n t i c  s a l m o n  ( S a l m o  s a l a r ) .  A n i m a l  G e n e t i c s  
3 0 : 4 6 2 - 4 7 8 .  
M c C o n n e l l ,  S . ,  L .  H a m i l t o n ,  D .  M o r r i s ,  D .  C o o k ,  D .  P a q u e t ,  P .  B e n t z e n ,  a n d  J .  W r i g h t .  
1 9 9 5 a .  I s o l a t i o n  o f  s a l m o n i d  m i c r o s a t e l l i t e  l o c i  a n d  t h e i r  a p p l i c a t i o n  t o  t h e  p o p u l a t i o n  
g e n e t i c s  o f  C a n a d i a n  e a s t  c o a s t  s t o c k s  o f  A t l a n t i c  s a l m o n .  A q u a c u l t u r e  1 3 7 :  1 9 - 3 0 .  
M c C o n n e l l ,  S .  K ,  P .  O ' R e i l l y ,  L .  H a m i l t o n ,  J .  N .  W r i g h t ,  a n d  P .  B e n t z e n .  1 9 9 5 b .  
P o l y m o r p h i c  M i c r o s a t e l l i t e  L o c i  F r o m  A t l a n t i c  S a l m o n  ( S a l m o  s a l a r )  - G e n e t i c  
D i f f e r e n t i a t i o n  o f  N o r t h - A m e r i c a n  a n d  E u r o p e a n  P o p u l a t i o n s .  C a n a d i a n  J o u r n a l  o f  
F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s  5 2 :  1 8 6 3 - 1 8 7 2 .  
M c E l l i g o t t ,  E .  A . ,  a n d  T .  F .  C r o s s .  1 9 9 1 .  P r o t e i n  v a r i a t i o n  i n  w i l d  A t l a n t i c  s a l m o n ,  w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  S o u t h e r n  I r e l a n d .  J o u r n a l  o f  F i s h  B i o l o g y  3 9 : 3 5 - 4 2 .  
M i l l e r , 	  L .  M . ,  a n d  A .  R .  K a p u s c i n s k i .  1 9 9 7 .  H i s t o r i c a l  a n a l y s i s  o f  g e n e t i c  v a r i a t i o n  r e v e a l s  
l o w  e f f e c t i v e  p o p u l a t i o n  s i z e  i n  a  n o t h e r n  p i k e  ( E s o x  l u c i u s )  p o p u l a t i o n .  G e n e t i c s  
1 4 7 : 1 2 4 9 - 1 2 5 8 .  
M i l l s ,  D .  H . ,  G .  D .  F .  H a d o k e ,  a n d  J .  B .  D .  R e a d .  1 9 9 9 .  A t l a n t i c  S a l m o n  F a c t s .  
M o f f e t t ,  I J J ;  C r o z i e r ,  W W  1 9 9 6 .  A  s t u d y  o f  t e m p o r a l  g e n e t i c  v a r i a t i o n  i n  a  n a t u r a l  p o p u l a t i o n  
o f  A t l a n t i c  s a l m o n  i n  t h e  R i v e r  B u s h ,  N o r t h e r n  I r e l a n d .  J o u r n a l  o f  F i s h  B i o l o g y ,  4 8 ,  
p p .  3 0 2 - 3 0 6 ,  1 9 9 6  
M o o r e ,  R .  V . ,  D .  G .  M o r r i s ,  a n d  R .  W .  F l a v i n .  1 9 9 4 .  S u b - s e t  o f  U K  d i g i t a l  1 : 5 0 , 0 0 0  s c a l e  
r i v e r  c e n t r e - l i n e  n e t w o r k .  N E R C ,  I n s t i t u t e  o f  H y d r o l o g y ,  W a l l i n g f o r d .  
N e i ,  M .  1 9 8 7 .  M o l e c u l a r  E v o l u t i o n a r y  G e n e t i c s .  C o l u m b i a  U n i v e r s i t y  P r e s s ,  N e w  Y o r k .  
N e i g e l ,  J .  1 9 9 6 .  E s t i m a t i o n  o f  e f f e c t i v e  p o p u l a t i o n  s i z e  a n d  m i g r a t i o n  p a r a m e t e r s  f r o m  
g e n e t i c  d a t a .  i n  T .  S m i t h  a n d  R .  W a y n e ,  e d i t o r s .  M o l e c u l a r  A p p r o a c h e s  i n  
C o n s e r v a t i o n .  O x f o r d  U n i v e r s i t y  P r e s s ,  O x f o r d .  
N i e l s e n ,  E E ;  H a n s e n ,  M M ;  L o e s c h c k e ,  V  1 9 9 7 .  A n a l y s i s  o f  m i c r o s a t e l l i t e  D N A  f r o m  o l d  
s c a l e  s a m p l e s  o f  A t l a n t i c  s a l m o n  S a l m o  s a f a r :  A  c o m p a r i s o n  o f  g e n e t i c  c o m p o s i t i o n  
o v e r  6 0  y e a r s .  M o l e c u l a r  E c o l o g y ,  6 ,  p p .  4 8 7 - 4 9 2  
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N i e l s e n ,  E .  E . ,  M .  M .  H a n s e n ,  a n d  V .  L o e s c h c k e .  1 9 9 9 .  G e n e t i c  v a r i a t i o n  i n  t i m e  a n d  s p a c e :  
M i c r o s a t e l l i t e  a n a l y s i s  o f  e x t i n c t  a n d  e x t a n t  p o p u l a t i o n s  o f  A t l a n t i c  s a l m o n .  E v o l u t i o n  
5 3 : 2 6 1 - 2 6 8  
O ' C o n n e l l ,  N . ,  D .  O .  F .  S k i b i n s k i ,  a n d  1 .  A .  B e a r d m o r e .  1 9 9 5 .  M i t o c h o n d r i a l  D N A  a n d  
a l l o z y m e  v a r i a t i o n  i n  A t l a n t i c  s a l m o n  ( S a l r n o  s a l a r )  p o p u l a t i o n s  i n  W a l e s .  C a n a d i a n  
J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s  5 2 :  1 7 1 - 1 7 8 .  
O l s e n ,  1 .  B . ,  J .  K .  W e n b e r g ,  a n d  P .  B e n t z e n .  1 9 9 6 .  S e m i - a u t o m a t e d  m u l t i l o c u s  g e n o t y p i n g  o f  
P a c i f i c  s a l m o n  ( O n c o r h y n c h u s  s p p . )  u s i n g  m i c r o s a t e l l i t e s .  M o l e c u l a r  M a r i n e  B i o l o g y  
a n d  B i o t e c h n o l o g y  5 : 2 5 9 - 2 7 2 .  
O l s e n , 	  J .  B . ,  P .  B e n t z e n ,  a n d  1 .  S .  S e e b .  1 9 9 8 .  C h a r a c t e r i z a t i o n  o f  s e v e n  m i c r o s a t e l l i t e  l o c i  
d e r i v e d  f r o m  p i n k  s a l m o n .  M o l e c u l a r  E c o l o g y  7 :  1 0 8 7 - 1 0 8 9 .  
O ' R e i l l y ,  P .  T ,  L .  e .  H a m i l t o n ,  S .  K .  M c C o n n e l l ,  a n d  J .  M .  W r i g h t .  1 9 9 6 .  R a p i d  a n a l y s i s  o f  
g e n e t i c  v a r i a t i o n  i n  A t l a n t i c  s a l m o n  ( S a l r n o  s a l a r )  b y  P C R  m u l t i p l e x i n g  o f  
d i n u c l e o t i d e  a n d  t e t r a n u c l e o t i d e  m i c r o s a t e l l i t e s .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  
A q u a t i c  S c i e n c e s  5 3 : 2 2 9 2 - 2 2 9 8 .  
P a e t k a u ,  D . ,  W .  C a l v e r t ,  I .  S t i r l i n g ,  a n d  e .  S t r o b e c k .  1 9 9 5 .  M i c r o s a t e l l i t e  a n a l y s i s  o f  
p o p u l a t i o n  s t r u c t u r e  i n  C a n a d i a n  p o l a r  b e a r s .  M o l .  E c o l .  4 : 3 4 7 - 3 5 4 .  
R a y b o u l d ,  A .  F . ,  R .  T  C l a r k e ,  J .  M .  B o n d ,  R .  E .  W e l t e r s ,  a n d  e .  J .  G l i d d o n .  i n  P r e s s .  
I n f e r r i n g  p a t t e r n s  o f  d i s p e r s a l  f r o m  a l l e l e  f r e q u e n c y  d a t a .  
R a y m o n d ,  M . ,  a n d  F .  R o u s s e t t .  1 9 9 5 a .  G E N E P O P  ( V e r s i o n  1 . 2 ) :  P o p u l a t i o n s  g e n e t i c s  
s o f t w a r e  f o r  e x a c t  t e s t s  a n d  e c u m e n i c i s m .  t h e  J o u r n a l  o f  h e r e d i t y  9 6 : 2 4 8 - 2 4 9 .  
R a y m o n d  M  &  R o u s s e t  F .  1 9 9 5 b .  A n  e x a c t  t e s t  f o r  p o p u l a t i o n  d i f f e r e n t i a t i o n .  E v o l u t i o n  4 9 ,  
1 2 8 0 - 1 2 8 3 .  
R i c e ,  W .  R .  1 9 8 9 .  A n a l y z i n g  T a b l e s  O f  S t a t i s t i c a l  T e s t s .  E v o l u t i o n  4 3 : 2 2 3 - 2 2 5 .  
R o g a n ,  E . ,  F .  O ' F l y n n ,  a n d  T  C r o s s .  1 9 9 3 .  G e n e t i c  A s p e c t s  o f  S p r i n g  R u n  S a l m o n .  
U n i v e r i s t y  C o l l e g e ,  C o r k .  
R u s s e l l ,  I . e .  a n d  J a m e s ,  D .  1 9 9 4  G e n e t i c  a p p r a i s a l  o f  s a l m o n  s t o c k s  o n  t h e  R i v e r  T e s t .  
M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  &  F o o d ,  L o w e s t o f t ,  S u f f o l k .  
R u s s e l l ,  I . e .  a n d  J a m e s ,  D .  1 9 9 5 .  A  g e n e t i c  a p p r a i s a l  o f  s a l m o n  s t o c k s  o n  t h e  R i v e r  T e s t  ­
R e s u l t s  f o r  1 9 9 4 .  M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  &  F o o d ,  L o w e s t o f t ,  S u f f o l k .  
R u s s e l l ,  I . e . ,  P o t t e r ,  E . e . E . ,  J a m e s ,  D . 1 .  a n d  J o h n s o n ,  I . K .  1 9 9 6 .  E v a l u a t i o n  o f  a  s t o c k i n g  
p r o g r a m m e  t o  e n h a n c e  s p r i n g  s a l m o n  r u n s  o n  t h e  R i v e r  t e s t ,  S o u t h e r n  E n g l a n d .  I C E S  
T h e m e  s e s s i o n  o n  A n a d r o m o u s  a n d  C a t a d r o m o u s  F i s h  R e s t o r a t i o n  P r o g r a m m e s :  A  
t i m e  f o r  E v a l u a t i o n .  C M  1 9 9 6 / T : 4 .  
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R u s s e l l ,  I . e .  a n d  C h i l d ,  T  1 9 9 6 .  A  g e n e t i c  a p p r a i s a l  o f  s a l m o n  s t o c k s  o n  t h e  R i v e r  A v o n .  
M A F F  r e p o r t  p r e p a r e d  f o r  N R A  S o u t h  W e s t e r n  r e g i o n  u n d e r  D F R  c o n t r a c t  n u m b e r  
C 9 6 7 T 1 9 6 ,  7 p p  
S a k a m o t o ,  T ,  N .  O k a m o t o ,  Y .  I k e d a ,  Y .  N a k a m u r a ,  a n d  T  S a t o .  1 9 9 4 .  D i n u c l e o t i d e  R e p e a t  
P o l y m o r p h i s m  i n  D N A  o f  R a i n b o w  T r o u t  a n d  I t s  A p p l i c a t i o n  i n  F i s h e r i e s  S c i e n c e .  
J o u r n a l  o f  F i s h  B i o l o g y  4 4 : 1 0 9 3 - 1 0 9 6 .  
S a n c h e z ,  1 .  A ,  e .  C l a b b y ,  D .  R a m o s ,  G .  B l a n c o ,  F .  F l a v i n ,  E .  V a z q u e z ,  a n d  R .  P o w e l l .  1 9 9 6 .  
P r o t e i n  a n d  m i c r o s a t e l l i t e  s i n g l e  l o c u s  v a r i a b i l i t y  i n  S a l m o  s a l a r  L  ( A t l a n t i c  s a l m o n ) .  
H e r e d i t y  7 7 : 4 2 3 - 4 3 2 .  
S a u n d e r s ,  R L ;  S c h o r n ,  C B  1 9 8 5 .  I m p o r t a n c e  o f  t h e  v a r i a t i o n  i n  l i f e  h i s t o r y  p a r a m e t e r s  o f  
A t l a n t i c  s a l m o n  ( S a l m a  s a l a r ) .  C a n a d i a n  J o u r n a l  o f  F i s h e r i e s  a n d  A q u a t i c  S c i e n c e s .  
4 2 ,  p p .  6 1 5 - 6 1 8  
S l e t t a n ,  A ,  I .  O l s a k e r ,  a n d  0 .  L i e .  1 9 9 5 .  A  P o l y m o r p h i c  D i n u c l e o t i d e  R e p e a t  M i c r o s a t e l l i t e  
i n  A t l a n t i c  S a l m o n ,  S a l m a  s a l a r  ( S s o s 1 4 3 6 ) .  A n i m a l  G e n e t i c s  2 6 : 3 6 8 .  
S l e t t a n ,  A ,  1 .  O l s a k e r ,  a n d  0 .  L i e .  1 9 9 7 .  S e g r e g a t i o n  s t u d i e s  a n d  l i n k a g e  a n a l y s i s  o f  A t l a n t i c  
s a l m o n  m i c r o s a t e l l i t e s  u s i n g  h a p l o i d  g e n e t i c s .  H e r e d i t y  7 8 : 6 2 0 - 6 2 7 .  
S o l o m o n ,  D .  1 .  2 0 0 0 .  M i g r a t i o n  C o n d i t i o n s  o n  t h e  R i v e r  F r o m e .  E n v i r o n m e n t  A g e n c y ,  
R e d l y n c h .  
S t a h l ,  G .  1 9 9 8 .  G e n e t i c  P o p u l a t i o n  S t r u c t u r e  o f  A t l a n t i c  S a l m o n .  P a g e s  2 1 2 - 1 4 0  i n  N .  R y m a n  
a n d  F .  U t t e r ,  e d i t o r s .  P o p u l a t i o n  G e n e t i c s  a n d  F i s h e r i e s  M a n a g e m e n t .  U n i v e r s i t y  o f  
W a s h i n g t o n ,  W a s h i n g t o n .  
S u m m e r s ,  D . W .  1 9 9 6 .  D i f f e r e n c e s  i n  t h e  t i m e  o f  e n t r y  o f  A t l a n t i c  s a l m o n  ( S a l r n a  s a l a r  L . )  
s p a w n i n g  i n  t h e  R i v e r  N o r t h  E s k .  F i s h e r i e s  M a n a g e m e n t  a n d  E c o l o g y ,  3 ,  2 0 9 - 2 1 8 .  
T e s s i e r ,  N . ,  L .  B e r n a t c h e z ,  a n d  1 .  M .  W r i g h t .  1 9 9 7 .  P o p u l a t i o n  s t r u c t u r e  a n d  i m p a c t  o f  
s u p p o r t i v e  b r e e d i n g  i n f e r r e d  f r o m  m i t o c h o n d r i a l  a n d  m i c r o s a t e l l i t e  D N A  a n a l y s e s  i n  
l a n d - l o c k e d  A t l a n t i c  s a l m o n  S a l m a  s a l a r  L .  M o l e c u l a r  E c o l o g y  6 : 7 3 5 - 7 5 0 .  
T e s s i e r ,  N . ,  a n d  L .  B e r n a t c h e z .  1 9 9 9 .  S t a b i l i t y  o f  p o p u l a t i o n  s t r u c t u r e  a n d  g e n e t i c  d i v e r s i t y  
a c r o s s  g e n e r a t i o n s  a s s e s s e d  b y  m i c r o s a t e l l i t e s  a m o n g  s y m p a t r i c  p o p u l a t i o n s  o f  
l a n d l o c k e d  A t l a n t i c  s a l m o n  ( S a l m a  s a l a r  L . ) .  M o l e c u l a r  E c o l o g y  8 :  1 6 9 - 1 7 9 .  
T h o m p s o n ,  D .  a n d  R u s s e l l ,  1 .  1 9 9 4  G e n e t i c  a p p r a i s a l  o f  s a l m o n  s t o c k s  o n  t h e  R i v e r  T e s t .  
M i n i s t r y  o f  A g r i c u l t u r e ,  F i s h e r i e s  &  F o o d ,  L o w e s t o f t ,  S u f f o l k .  
U t t e r ,  F  1 9 9 6 .  G e n e t i c  p r o b l e m s  o f  h a t c h e r y - r e a r e d  p r o g e n y  r e l e a s e d  i n t o  t h e  w i l d ,  a n d  h o w  
t o  d e a l  w i t h  t h e m .  I n :  C o l e m a n ,  C ;  T r a v i s ,  J ;  T h i s t l e ,  A B  ( e d s )  S y m p .  i n  F i s h e r i e s  
E c o l o g y - - M a r i n e  S t o c k  E n h a n c e m e n t :  A  N e w  P e r s p e c t i v e ,  S a r a s o t a ,  F l o r i d a  U S A ,  
N o v e m b e r  2 0 - 2 3  1 9 9 6  
V a n  D o n g e n  S .  1 9 9 5 .  H o w  s h o u l d  w e  b o o t s t r a p  a l l o z y m e  d a t a ?  H e r e d i t y  7 4 ,  4 4 5 - 4 4 7 .  
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V e r s p o o r ,  E ;  C o l e ,  L J  1 9 8 9 .  G e n e t i c a l l y  d i s t i n c t  s y m p a t r i c  p o p u l a t i o n s  o f  r e s i d e n t  a n d  
a n a d r o m o u s  A t l a n t i c  s a l m o n ,  S a l m o  s a l a r .  C a n .  1 .  Z o o l . ,  6 7 ,  p p .  1 4 5 3 - 1 4 6 1 ,  
V e r s p o o r ,  E .  1 9 9 7 .  G e n e t i c  d i v e r s i t y  a m o n g  A t l a n t i c  s a l m o n  ( S a l m o  s a l a r  L )  p o p u l a t i o n s .  
I C E S  J o u r n a l  o f  M a r i n e  S c i e n c e  5 4 : 9 6 5 - 9 7 3 .  
V i a r d ,  E ,  P .  F r a n c k ,  D .  M - P ,  A  E s t o u p ,  a n d  P .  J a r n e .  1 9 9 8 .  V a r i a t i o n  o f  M i c r o s a t e l l i t e  S i z e  
H o m o p l a s y  A c r o s s  E l e c t r o m o r p h s ,  L o c i ,  a n d  P o p u l a t i o n s  i n  T h r e e  I n v e r t e b r a t e  
S p e c i e s .  J o u r n a l  o f  M o l e c u l a r  E v o l u t i o n  4 7 : 4 2 - 5 1 .  
W a l s h ,  P .  S . ,  D .  A  M e t z g e r ,  a n d  R .  H i g u c h i .  1 9 9 1 .  C h e l e x - 1 0 0  a s  a  m e d i u m  f o r  s i m p l e  
e x t r a c t i o n  o f  D N A  f o r  P C R - b a s e d  t y p i n g  f r o m  f o r e n s i c  m a t e r i a l .  B i o t e c h n i q u e s  
1 0 : 5 0 6 - 5 1 3  
W a p l e s ,  R . ,  a n d  D .  T e e l .  1 9 9 0 .  C o n s e r v a t i o n  G e n e t i c s  o f  P a c i f i c  S a l m o n  1 .  T e m p o r a l  
c h a n g e s  i n  a l l e l e  f r e q u e n c y .  
W e b b ,  1 . ,  H a w k i n s ,  A D .  1 9 8 9  T h e  m o v e m e n t s  a n d  s p a w n i n g  b e h a v i o u r  o f  a d u l t  s a l m o n  i n  
t h e  G i r n o c k  B u r n ,  a  t r i b u t a r y  o f  t h e  A b e r d e e n s h i r e  D e e ,  1 9 8 6 .  S c o t t i s h  F i s h e r i e s  
R e s e a r c h  R e p o r t ,  N o .  4 0 ,  4 2 .  
W e i r ,  B .  S . ,  a n d  e .  e .  C o c k e r h a m .  1 9 8 4 .  E s t i m a t i n g  F - s t a t i s t i c s  f o r  t h e  a n a l y s i s  o f  p o p u l a t i o n  
s t r u c t u r e .  E v o l u t i o n  3 8 :  1 3 5 8 - 1 3 7 0 .  
W e l t o n , 1 .  S . ,  W .  R .  e .  B e a u m o n t ,  a n d  M .  L a d l e .  1 9 9 9 .  T i m i n g  o f  m i g r a t i o n  a n d  c h a n g e s  i n  
a g e  s t r u c t u r e  o f  A t l a n t i c  s a l m o n ,  S a / m o  s a f a r  L . ,  i n  t h e  R i v e r  F r o m e ,  a  D o r s e t  c h a l k  
s t r e a m ,  o v e r  a  2 4  y e a r  p e r i o d .  F i s h e r i e s  M a n a g e m e n t  a n d  E c o l o g y  6 : 4 3 7 - 4 5 8 .  
W r i g h t ,  S .  1 9 5 1 .  T h e  g e n e t i c a l  s t r u c t u r e  o f  p o p u l a t i o n s .  A n n .  E u g e n  1 5 : 3 2 3 - 3 5 4 .  
Y o u n g s o n ,  A E ,  J o r d a n ,  W . e .  a n d  H a y ,  D . W .  1 9 9 4  H o m i n g  o f  A t l a n t i c  s a l m o n  ( S a l m o  s a l a r  
L . )  t o  a  t r i b u t a r y  s p a w n i n g  s t r e a m  i n  a  m a j o r  r i v e r  c a t c h m e n t .  S a l m o n i d  
S m o l t i f i c a t i o n  - 4 .  A q u a c u l t u r e ,  1 2 1 ,  N o .  1 - 3 , 2 5 9 - 2 6 7 .  
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